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AS CCR5 ANTAGONI STS BACKGROUND The present invention relates to piperazine
derivativ as selective CCR5 antagonists, pharmaceuf,l h&ﬁ
conpositigﬁg%iﬁ%#%ining the 15 conpounds, and net hods of tﬁéiﬁ} l'Eff'sing

t he conpounds. The invention also relates to the use of a conbination of a
CCR5 antagonist of this invention and one or nore antiviral or other
agents useful in the treatnent of Human | munodeficiency Virus (H V). The
i nvention further relates to the use of a CCR-5 antagonist of this

I nvention, alone or in 20 conbination with another agent, in the treatnent
of solid organ transplant rejection, graft v. host disease, arthritis,
rheumatoid arthritis, inflammatory bowel disease, atopic dernatitis,
psoriasisg asthma, allergies or multiple sclerosis. The global health
crisis caused by H 'V, the causative agent of 25 Acquired i mmunodeficiency
Syndronme (AIDS), is unquestioned, and while recent advances in drug

t her api es have been successful in slowing the progression of AIDS, there
is still a need to find a safer, nore efficient, |less expensive way to
control the virus. It has been reported that the CCR5 gene plays a role in
resistance 30 to HHVinfection. HV infection begins by attachnent of the
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rejection, graft v. host disease, arthritis, rheumatoid arthritis, inflammatory
bowel disease, atopic dermatitis, psoriasis, asthma, allergies or multipie
sclerosis.
The global health crisis caused by HIV, the causative agent of
25  Acquired immunodeficiency Syndrome (AIDS), is unquestioned, and while
recent advances in drug therapies have been successful in slowing the
progression of AIDS, there is still 2 need to find a safer, more efficient, less
expensive way to control the virus.
It has been reported that the CCR5 gene plays a role in resistance
30 to HIV infection. HIV infection begins by attachment of the virus to a target
cell membrane through interaction with the cellular receptor CD4 and a
secondary chemokine co-receptor molecule, and proceeds by replication
and dissemination of infected cells through the blood and other tissue.
There are various chemokine receptors, but for macrophage-tropic HIV,
35 believed to be the key pathogenic strain that replicates in vivo in the early
stages of infection, the principal chemokine receptor required for the entry
of HIV into the cell is CCR5. Therefore, interfering with the interaction
between the viral receptor CCRS and HIV can block HIV entry into the cell.



I nfl ammat ory bowel disease, multiple sclerosis, solid organ transpl%ulltm:T 2003
rejection and graft v. host disease. 10 Rel ated pi perazine deri vatives

whi ch are %g,ﬁ,@gd g C ant agonl sts wuseful in the treatnent of n| t | ve

di sorders such as Al zheinmer's disease are disclosed in US r?

5, 883, 096; 6,037,352; 5,889,006. A-M Vamgdame et al., Antiviral Chem stry
& Chenot herapy, 9:187- 203 (1998) di scl ose current cI i nical treatnents of
HIV-1|nfect|ﬁns in man !%lncludln eat edru nbi nati ons or
so-cal | ed H ghh§ PA%?Q’Vé“Yﬁﬂ r%@%@ﬁ# 3’9 i nvol ves

vari ous conbi Qﬁﬁaggngtg)f nucl eosi de reverse transcrl ptase inhibitors
("NRTI™), non-nucl reverse transcriptas |nh|b tor RTI ") and

H V prot ease i nhi b%g TECeRIofs havh hegn jiep §H@d§PdBeﬂ'Q Q/‘ée'f)ﬁ%f'g#f &' HAART is
effective in mﬂdmmgrymlsea‘ses wugh asnarthmtisy rleswinatoid &irthitilis JatbpicAl DS.
However, thes ' . r 2R |
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formula 1. R3 ich A gvaft @Hd@cﬁe&% | 30 or a pharmaceutically

accept abI sal erein henyl ., R8-pyr.i.dyl i ophenyl
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mciudlng atcfsast triple drug combrnat:ons or so-calle d Hrgh Y Actlve
Antiretroviral Therapy (“HAART"); HAART involves various combinations of
nucleoside reverse transcriptase inhibitors (“NRTI"), non-nucleoside
reverse transcriptase inhibitors (“NNRTI") and HIV protease inhibitors (“PI1”).
in compliant drug-naive patients, HAART is effective in reducing mortality
20 and progression of HIV-1 to AIDS. However, these multidrug therapies do
not eliminate HIV-1 and long-term treatment usually results in multidrug
resistance. Deveiopment of new drug therapies to provide better HIV-1
treatment remains a priority.

25 SUMMARY OF THE INVENTION
The present invention relates to the treatment of HIV comprising
administering to a mammal in need of such treatment an effective amount

of a CCRS5 antagonist represented by the structural formula I:
R R

RS
T o
1 R R
R
N\fo
30 or a pharmaceuticaily acceptable salt thereof, wherein

R is R8-phenyl, R8-pyridyl, R8-thiophenyl or R8-naphthyl;
R1 is hydrogen or C1-Cg alkyt;




R8- napht hyl , R8- napht hyl (Cl1- C6)al kyl , R8-heteroaryl or RB-heteroaryl { 6T 2003
Co6)al kyl; R4, R5, R7 and R13 are independently selected fromthe group 10
consi sti RPoQh/skeésr cgen and (C1l-C6)-al kyl; RS is hydrogen, GErigkoantey: Of
C2-C6 al kenyl; RBis | to 3 substituents independently selected fromthe
group consisti ng of hydrogen, hal ogen,.€1-C6 al kyl, Cl1-C6 al koxy, -CF3,
CF30, CH3C(O -, -CN, CH3sS2-, CF3S2-, R14-phenyl, Rl4-benzyl, O 15

e i o B AR B2 e, SR QSRR O

het er oaryl amﬁtéroarwmeﬁs’elmoxHTé substitutedHe- memm(reuﬂa)ateroamhmxidmo are
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hydrogen, phenyl, -NC2, CHO  -CH _NOR17, pyridyl,
pyridyl N-oxide, pyrim dl-nq;l p(a2| nyl——c—hléialaa@[]\lRlSR 9,

- NHCONH( chl or o Cl CGLaI ky HCONH( ( 16C1) cycl qai kyl (C1- C6) al kyl ),

- NHC(( C1- C6) QI' NHSOZN C1l ')s@ 1)2, - NHSOZ( Cl- CG) al kyl,
- N( SO2CF35 2, -NHC(B_P( ﬁthPQeRyC;I -Gaalkyio (C cﬁs}ai xwé

- SO2R20, - SN Bl ?CB
hydr oxy ( Cl- F'F) %ﬁ\{%&:}?ﬁw& Cﬁ @H&qg |%@\ﬁ( an)gé(}ll | kyl ,
~C02R', -Si( mma)mhyk rtHBYye - Coliiyli Bame@@)‘\dlqﬁa hetgegangi(C

R14- phenyl .is 1 to 3 substituents i ndependent |y selected from t he

?2:29 IOc6) Sf’Ei'xit an(ﬁ‘{nzﬂy %Lﬁge”W%C1 C@RP?'\%’B‘U/ %dg)éﬂRﬂﬁWPi'Pesz _4 R15

“and R16 a0e icodsistingafthydrogareanddCl+Gghralky; gr oup consi sting of hydrogen

and C1-C6 al kyl, s 23| fedn al kyl ene group and
with the carbon to mﬁ@&?Qey ale attge(f{%;fc?rma)gs iroring of 3 to 6
carbon atons; 5 RBB8isR Bnarsdlbatlgleaﬁ%lndﬁaepéﬁﬂ@hﬁeiﬁc semndhefarewP t he group

consi sting ofcoﬁsgﬂﬁ &t hiyBircd &0y, Ihaldeh dlic 1@1-ﬂd@lkoﬁf -?ggn@Fﬂ?Er Ief erred
are conpounds ei e napht hy
especi al | y &@FQ&@ éH\ggﬁiﬂ 8§%§?| uenBh ré)ﬁ'dﬂ Bgﬁﬂh |y
(
15 CHaC(=NOCHj), CH3C(=NOCHzCHg), O~ 'SOZ , .NH;, -NHCOCF:,
-NHCONH(C1-Cg alkyl), -NHCO(C1-Cg alkyl), -NHSO2(C1-Cp alkyl),
O

—N" "X
5-membered heteroaryland ' , wherein X is —O-, -NH- or -N(CHas)-;

R9 and R10 are independently selected from the group consisting of

(C4-Cg)alkyl, halogen, -NR"R", -OH, -CF3, -OCHjs, -O-acyl, -OCF, and
20 —Si(CHa3)a;

R11is R?, hydrogen, phenyl, -NO;, -CN, -CH;F, -CHF, -CHO,
-CH=NOR", pyridy!, pyridyl N-oxide, pyrimidinyl, pyrazinyl,
-N(R'YCONR'R", -NHCONH(chloro-(C1-Cs)alkyt), -NHCONH((Cs-
Cucycioalkyl(C1-Cs)alkyl), -NHCO(C1-Ce)alkyl, -NHCOCF3, -NHSO2N((C:-

25 Cs)alkyi)g, -NHSOg(CrCs)alkyl, -N(SOzCFa)z, -NHCC)z(CrCs)a"(yL Cas-Cio
cycloalky!, -SR®, -SORY, -SO,R*, -SO,NH(C1-Cs alkyl), -OSO02(Cs-
Ce)alkyl, -OS02CF3, hydroxy(C1-Ce)alkyl, -CON R"R'®, -<CON(CH2CH2-0-
CHa)z, -OCONH(C1-Cg)alkyl, -CO2R'7, =Si(CHs)s or ~B(OC(CHa)z2)2;

R12 js (C1-Cg)alkyl, -NHz or R14-phenyl,

30 R14 is 1 to 3 substituents independently selected from the group
consisting of hydrogen, (C1-Cg) alkyl, -CF3, -CO2R17, -CN, (C+-Cg)alkoxy
and halogen;



wherein the R8 substituent is in the 4-position. For R3-phenyl, prefngr%f 2903‘
R8 substituents are -CF3, -0OCF3, CH3SO2-, CH3CO, CH3C(=NOCH3)-, Br and

1. For do¥dg. R8 is preferably Cl _C5 al koxy Al so pr(i,fcq.r ,‘g{?
corrpounds formula | wherein R3 is hydrogen, (Cl-C6) alkyl, i §|. 1

R8-benzyl or R8-pyridyl; nmore preferred definitions for R3 are rrethyl,
ethyl, phenyl, benzyl and pyridyl. RL is preferably hydrogen. For

conmpounds of for 1, is preferab drogen or net'hyl, especially
methyl. R4 is prg%%ﬂ@%?@!”de%nﬁﬂﬂé{ﬁéﬁp@%‘éﬁ tbear@waspysnsyag@éen

I n conmpounds @Erdfuigerruaad Gi- (B%all@lhmrﬂ@ratd R1Reogdraér arBléQ@tEBgnaLk yieie R9,

R10, R11- pyr| xi de, t rim . en

is pyridyl, ?'ép Fgf"@hg eycagb B ?W}ﬁwaf%%%ﬁgﬁoifﬁﬁ ﬁ'@?“gi% s
preferably 5 wsmarwh atd?ne R9 and R10 substituents are pref er ably
attached to carbon 1 i nt .tq th r 1,01 ni therlngto
the rest t he nol %fﬂgﬁt h%reﬁhgggﬁ%%rﬁytﬁ?ﬂ@gﬁ '&?9 d to any of
25 the remi n'cogsnhsglnrﬁﬁ and €q-Cyaalkgn arichg nenbers, for exanple as shown in

the follow ng strugares. 11D NandNN Rl11 ° Y R11 N
.. RIT . RPreferFﬁed %@1§rg?cél%ér?%g§¥|tuents are: (Cl-cCo6)al kyl, especially

met hyl ; hal ogen, especially chloro or bromp, -OH and -NH2. Wien R2 is 30
phenyl , Rll i's prefﬁéfﬂ?r‘éd 5%4! s oﬁdrm\ﬁﬁelr\ﬂﬁ?gre'ﬁm%rﬂﬂjbrﬂhe Ayl dr R8

f bI hyd : h d
P thol - orTG e Rap Atk Sehestaly wHstein AE ¢ Find sBF U RANg Smecily fydr ogen,
foll ows: R / Fiwherein, tRe 8 substitierPisinltha0dosiioAD/Fafs FBp Ry upretarrd@HE 5 w.
Me Me20H Me. ~§usmua/ﬁtsraax%9§,1-ocﬁg SMisB- BN, i MROEHY)-Br and

I. For R8-naphthyl, R8 is preferably C1-Cg alkoxy. Also preferred are
compounds of formula | wherein R3 is hydrogen, (C1-Cg) alkyl, R8-pheny!.

15 Ré8-benzyl or RB-pyridyl;, more preferred definitions for R3 are methyl, ethyl,
phenyl, benzy! and pyridyl. R is preferably hydrogen. For compounds of
formula I, R8 is preferably hydrogen or methyl, especialiy methyl. R4 is
preferably methyl; RS and R7 are each preferably hydrogen.

in compounds of formula [, R2 is preferably R®, R10, R11-phenyl,

20 RS9, R0, R11-pyridyl or an N-oxide thereof, or R9, R0, R11-pyrimidyl. When
R2 is pyridyl, it is preferably 3- or 4-pyridyl, and when pyrimidyl, it is
preferably 5-pyrimidyl. The R® and R'0 substituents are preferably
attached to carbon ring members adjacent to the carbon joining the ring to
the rest of the molecule and the R1! substituent can be attached to any of

25 the remaining unsubstituted carbon ring members, for exampie as shown in
the foliowing structures:

R® w R? 10 9 10 R? R10
Qi @ Rn R\‘/’J\fﬂ Z
\\ > R N\\ and Na N

-
R N ; /" \F‘i/"

Preferred R® and R0 substituents are: (C4-Cg)alkyl, especially
methyl; halogen, especially chioro or bromo, -OH and -NHz2. When R2 is
30 phenyl, RY is preferably hydrogen or -OH; when R2? is pyridyl, R11is
preferably hydrogen; and when R2 is pyrimidyl, R'1 is preferably hydrogen,
methyl or phenyl. Examples of particularly preferred R2 groups are as
follows:




Ny N5 M. M M. M N NNYNM Ph G Aso clained are novel CCR5 21 0CT 2003
ant agoni st conpounds represented by the structural formula Il R6 R7 ~ 1 N

O R2 11 owoeoomgssgsmaceutically acceptable salt thereof, whempemisshbhi{csd Ra

i s R8a-phenyl, R8b-pyridyl, R8b-thiophenyl or R8-naphthyl; Rl is hydrogen

or C1-C6 alkyl; R2 is RO, R10, R11-phenyl5-R9, R10, Rl1l-substituted

6- menbered heteroaryl; RO, R10, Rl1l-substituted 6-nenbered heteroaryl

N-oxi de; R12, Rl13asubstituted 5-nenbated heterswaryl; naphthyl; fluorenyl;

15 di phenyl net hyl ,] RL6 or R0 R3 is hydrogep, Cl-Cg kyl],

( C1- C8) al koxy (¥#: e M H?‘k&ﬁ, z %335’ c

cycl oal kyl ( C1- C6) yl, R8 nyl , enyl ( ) al ky R8- napht hyl ,

Re- napht hyl (Cl- C6) al kyl , R8-heteroaryl or R8-he er oaryl (C, - C6)al kyl; 20
R4, R5, R7 and RL3.are independently selected fromthe gmnaup consisting of

hydr ogen and (Cl-(@6) - al kyl; I s hydrjogen, C1- al k)\él o] Cé—C6 al kenyl ;

R15 14 R15 -CCl 8Ho agd_AQ MR Me We 2 M20 CT/ US00/ 11632

-6 RBis 1to 3 tituentls,'Nndepen ently sel dcted fro iHe group

consi sting of hydrogen, hal ogen, Cl- alkyl, CNC6 al koxy, -CF3, CF30O,

CH3C(O) -, -CN, -, CF -, R1Z"phenyl ,"TR14- benzyl, <0 CH3C(=NOCH3),

CH3C( =NOCH2CH3,. G- 87 4Me Me DIZ A B6 - NHCONH( C1- C5 al kyl),

- NHCO( C1- CS al kyl|) ] - NHSO4{ CJ- C6 allkyl), 0 l-_FN x X 5-menbered heteroaryl

and '--/ , whereim"X is -0-N -NH orN-N(CHB)g;
0] o

. L ARy
MGNAI' Me Me\llxjﬁ,Me Me\||J§rMe
NN N\If,N N?N

Me Ph

Also claimed are novel CCR5 antagonist compounds represented by
the structural formula

R® I
or a pharmaceutically acceptable salt thereof, wherein
10 (1) Rais RBa-phenyl, R8b-pyridyl, R8-thiophenyl or RE-naphthyt;
R' is hydrogen or C4-Cg alky!,
R2is R9, R10, R'1-phenyl; R®, R0, R11-substituted 6-membered
heteroaryl; R2, R10, R11-substituted 6-membered heteroary! N-oxide;
R12, R13.substituted 5-membered heteroaryl; naphthyl; fluorenyl;

Elq15 R |:I;15
—?—@ —CI::;heteroaryI
15  diphenyimethyl, R or R ;

R3 is hydrogen, C1-Cg alkyl, (Cy-Cg)alkoxy{C1-Cs)alkyl, C3-C1o
cycloatkyl, Ca-C1o cycloalkyl(Cy-Cg)alkyl, R8-phenyl, R8-phenyl(C;-Ce)alkyt,
R8-naphthy!, R%-naphthyl(C1-Cs)alkyl, R8-heteroaryl or R8-heteroaryt(C-
Ce)alkyt;

20 R4, R5, R7 and R'3 are independentiy selected from the group
consisting of hydrogen and (C1-Cg)-atkyl;

RS is hydrogen, C1-Cg alky! or C2-Cg alkenyl;



R8a is 1 to 3 substituents independently selected fromthe group 210CT 2100
consi sting of hydrogen, halogen, -CF3, CF30, -CN, CF3SQ2-, R14-phenyl, O
-NX X - NHCW@, éamanbered heteroaryl and v , wherein X is as defined 10
above: R8bMIEVEEPY 3 substituents |ndependently sel ect ed fr ofr /HENOGAERI

consi sting of hydrogen, hal ogen, - 630 CH3C(O -, -CN, CF3sS2-, <0

R14- benzyl , CH3C( NOCH3), CH3C( NOCHZCI—IS’) S®2 0 - NAX - NHCOCF3,

5- menber ed heteroar and , wherein X is as defined 15 above; R9 and R10
are independently Eéll%dtt@cs wlmshtueatsgndepemmsselegtedfror(rﬂhe(gipapkyI

hal ogen, - NRLgBaEsting bt h &E@en- @18@ hlkyi @sailﬂow,sd%§oﬁﬂ s

R9, hydrogen,

pyridyl, pyri E%%&mﬁ 'cll O%J'y zTRﬁﬁnYL -H(‘R?;"?;)d:O\IRwR' 9,

- NHCO\IH(chI or o- ( Cl1- C6) al kyI ), - NHCO\IH((CB C@ I oaI kyl (C, - Cs) al kyl ),

- NHC(( C1- C6) al_kyl_, - NHCOCF3, -NHSOZN (C1- ( NHSO2( C1- C6) al kyl ,
- N( SORCF3) 2, @@W@Pfﬂ:ﬁ) GHaf (=N&CH2EHa}y cT 0al ky 2 _, SN, -NKOROF;,
Py oxy( G 08) ol K C’é*oﬁ*'""%m@*‘g@@%ﬂ“ﬂa@?ﬁéa*kw%

- OCONH( C1- C6)a|ky| -C2 SI(CH3)3 or AB(OC(CH3)2)2; R12 is (Cl-C6)alkyl,
-NH2 or R14- pgen I' R4 is 1to tiX uents .i ndependent|y sel ected from
the group 30 éB%EP?TQ%BetSfOWH?BGen 1-\eBgrein X is —O¢eyH-"apoMNeH:)-; o,
(CL-C8)al koxy andRBRlisonen3 sunsiiehts diispaeaehity me@wnwsmg Akp32 -7 RI5
an are i 0 up n ogen
and Cl-C6 al ky i Rﬁ%@ W??gagﬁhgﬁﬁgﬁaﬁ I@ﬁ%q)% M{ *and
with the carbon to which they are attached form% Spiro ring of 3 to 6
carbon atons; 5 R', R78 and R19 are independenil yXsel ect ed fromthe gr oup
consi sting of -NHGREFRs15apembryed heteroryyliandcl - Cs~al, Wherein Yisay tefined (2) Ra
i s R8-phenyl , ab#epyri dyl or RB-thiophenyl;

R8P is 1 to 3 substituents independently selected from the group
consisting of hydrogen, halogen, -CF3, CF30-, CH3C(0)-, -CN, CF3802-,

0
14 <0 -
R'4-benzyl, CH3C(=NOCH3), CH3C(=NOCH2CHS3), SOz |
0]
—N'u‘x
-NHCOCF;, 5-membered hetercaryl and /' wherein X is as defined

15  above;

R9 and R10 are independently selected from the group consisting of
(C1-Cealkyl, halogen, -NR"R™, -OH, -CF3, -OCHs, -O-acyl, -OCF, and
—Si(CHa)s;

R11 is R9, hydrogen, phenyl, -NO;, -CN, -CH,F, -CHF,, -CHO,

20 -CH=NOR"’, pyridyl, pyridyl N-oxide, pyrimidinyl, pyraziny,
-N(R")CONR™R®, -NHCONH(chioro-(C1-Cs)alkyl), -NHCONH((Cs-
Crycycloalkyl(Cy-Ce)alkyl), -NHCO(C1-Cs)alkyl, -NHCOCF3, -NHSON((C1-
Ce)alkyl)z, -NHSO2(C1-Cslalkyl, -N{SO2CF3),, -NHCO,(C;-Cs)alkyl, C3-C1o
cycloalkyl, -SR%, -SOR?®, -SO,R%, -SO;NH(C1-Cs alkyl), -0SO0,(C;-

25 Cealkyl, -OSO.CF3, hydroxy(C1-Cg)alkyl, -CON R'R'8, -CON(CH,CH»-O-
CHa)z,

-OCONH(C+-Cg)alkyl, -CO»R"”, =Si(CHa)s or =B(OC(CHa)a)z;

R12 is (C4-Cg)alkyl, -NHz or R14-phenyl;

R14is 1 to 3 substituents independently selected from the group

30  consisting of hydrogen, (C+-Cg) alkyl, -CF3, -CO2R17, -CN, (C1-Cg)alkoxy
and halogen;



R15 14 RI5 R -C -Cheteroaryl R2 is fluorenyl, diphenylnethyl, R 62qrg®ig0)
10 and R1, R3, R4, R5, R6, R7, R8, R9, R10, R1l1, R12, R13, R14, R15, RI16,

R11, R, O are as defined in (1). Preferred conpo of formula
11 are th(%’g”@)éélned in (1). Mre preferred are those of forrtlf2>e84}esy

wherein Ra is RBa-phenyl or 15 RB-naphthyl, wherein RBa is -CF3, CF30O or
hal ogen and R8 is C7/-C6 al koxy. The RBa or R8 substituent is preferably a
si ngl e substituent ' ecially preferred that the R8a or R3

substituent is in Bﬂétaﬂ‘h?ﬁ!sﬁ SiRdeppddenthy egigriadframehearpeR $98sisting 6f nul a
11(1) wher ei nhRfrogentantt Cg«ly alk@ll 0P arickRI'S tdtfethbeass a G38Chaliasdneor
bonoyl and py PR ANk athang Brbon bp W Peyeare ahashec AL mSRIGING of Bule
11(1), R6 is fo@tartzl stdmysir ogen or nethyl, especially methyl. R4 is
D) 1o 1t erabi [ adt ddBa Fernagpearty S bee PRI grops" O™ 2
Rli - phenyl , Reondisting ehM-and Ceyds alkylaranid- oxi de t hereof, or R9, R10, RI11-

Y et or 2 compounds oF Tocad LT PREMRE!' L0Leot of the tnvention (s a

phar maceut i cal?)conpdds RPpheny, RE-pyEevarREthippReRYipri si ng an ef fecti ve
anount of a CCR5 antagonist of 30 fornula Ig'in cpoi nati@¥ with a

pharmaceutically acceptable carrier. Anotherla of thelinvention is a

pharmaceutical conposition for treatnent of?gﬁrorgan f‘?@ﬁ?ﬁ?@ﬁ&

rej ection, graft vRZimpfvorgnybatiphemdmiethyi s R rheumatodrd &thritis, ;
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all ergies or té{,ﬁl@asﬁger os%§ conprising an_ effective 35 anount O0f a CCR5
ortrul'a »

ant agoni st of andBmara asidaingdin (). phar maceutical Iy acceptabl e
carrier. 21 OCT 2003 WD 00/66558 PCT/ U500/ 11632 -8 Yet anot her aspect

O e et o0 B o heine S R s R e =t 10
ant agoni st conpounklocs pfefermedaare ithoge of fremula Héti wbérein R2 is RB&yhenw! 05 a
g?t hod of44 r epsirRphttil, wRéreth ﬁBGEH.‘-GF@F@PA@n%)r h8icgeh! éH!:LR5i C3igg v. host
i sease, arthritis,_rheymatoid arthritis,” I nflanmmator owe | Sease,
at opi ¢ der mat akexy. PBOMAANAIR® subsituentisinsetarably single suhstituenteitési s
oot o s SR SR s S v e SR
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alkyl, R8-phenyl. R8-benzyl or R8-pyridyl; more preferred definitions for RS

20 are methyl, ethyt, phenyl, benzyl and pyridyl. R! is preferably hydrogen.

For compounds of formuta 11{1), R® is preferably hydrogen or methyi,
especially methyl. R4 is preferably methyl; R° and R7 are each preferably
hydrogen.

R2 in formula (1) is preferably as defined for formuia I, i.e., R, R10,

25 R'Y-phenyl, R, R10, R11-pyridyl or an N-oxide thereof, or RS, R0, R11-
pyrimidyl, wherein the R?, R10, R11.substitution is as defined above for
preferred compounds of formula 1.

Another aspect of the invention is a pharmaceutical composition for
treatment of HIV comprising an effective amount of a CCRS antagonist of

30 formula Il in combination with a pharmaceutically acceptable carrier.

Another aspect of the invention is a pharmaceutical composition for
treatment of solid organ transpiant rejection, graft v. host disease, arthritis,
rheumatoid arthritis, inflammatory bowel disease, atopic dermatitis,
psoriasis, asthma, allergies or multiple sclerosis comprising an effective

35 amount of a CCR5 antagonist of formula I in combination with a
pharmaceutically acceptabile carrier.

aspect of thi



10 of formula | or Il of this invention in combination with one or marlelCT 2003.
antiviral or other agents useful in the treatnment of Human

| mmunodef iwo@neyssyi rus for the treatment of AIDS. Still anegligisedsigst of
this invention is the use of a CCR5 antagonist of fornmula | or 11 of this
I nvention in conbination with one or nor@-other agents useful in the
treatnent of solid organ transplant 15 rejection, graft v. host disease,

inflammatory bowvel yliisstRer éﬂ?é&i’%? ﬂhéim@rﬁubh':é 'a%n@fho%fttie@tﬁxef&bﬁf-@@' S
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ot gervvn tse 5 nd cft ?dhoéﬂ digbase rtwitis] theximatoighartharnis, inflamerhatbry dowen chai ns
and contai ns r.o re

car bon chai nsdﬁf\ﬂsﬁgghﬁgg%ﬂp%é %%8585‘?51%%%%@&@%? 8(/['@‘@@%%5?”%’3

unsat ur at ed boadprising admicigfesiogrio a hemaadh needet sush eatmentan pifestive neans
that the pheng}n&jﬁt& aC@@:F%eaﬁtHQgﬁfsi F&ﬁﬁouﬁggqg 1ad%gil abl e position on
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and heteroar%él Pﬂ"e as r%efl n H]E&ﬂetl n! aréOﬁ ilrghen%a@gélﬁgé;lgnwght hyl ;
and 35 aral ky 'EH'W

Het er oar ]Yl retmdiaentesatmetrit io€ AHD8 N8Bl angtheu@spett &f this ifverttiomisahe Liseocl;fcl i Cd
groups of 11 el ecte
fromO, S or §%§§5?ﬂ%8HEY?%@HI%eﬁ?ﬁgﬁlg%ﬁgﬁlgggﬂggw J(thﬁz 1 OCT
2003 WO 00/ 66688 aPOTRIe0Ier agsats-seafulrin dbea treaimenhelsalig aigantransp@nt nunber

of del ocalyg ze | d t hat
Che'F o RIS ALk AL AR Sofnpaid ydiice

6- nenber ed heRBPEYS PF “l“i'WQ;'? scﬁ?ﬁﬁn RSand gt of ptharagesys whictR1o or
RLL groups. Naig camporbATEROrG dorfisinamiorcah o atfminiibretas cobingRRaSsatee

cont enpl at ed, ri d 4- pi cal 6-nmenbered
et er oaryl o SPEOLIEYRAT o paminsaihe Spafitelyy LKk iptprishbieb3rad ana 1 ne
N- oxi des therdo$ag§tum$eoﬁtmtmntwelsIt&aalsoctzuryémplatgs carbon atons can be

substitutged by R12 or R13 groups. Typical 5-nenbered heteroaryl rings are

furyl, thienyl, Tp'&/rro 10 thiazolyl, isothiazolyl, imdazolyl, pyrazolyl
and’ i soxazol y ETAILED ESCRIPTION OF THE INVENTION

As used herein, the following terms are used as defined below
unless otherwise indicated.
Alkyl represents straight and branched carbon chains and contains
25 from one to six carbon atoms.
Alkenyl represents Cz-Cg carbon chains having one or two

unsaturated bonds, provided that two unsaturated bonds are not adjacent
to each other.
Substituted phenyl means that the phenyi group can be substituted
30 at any available position on the phenyl ring.

Acyl means a radicai of a carboxylic acid having the formula
alkyl-C(O)-, aryi-C(O}-, aralkyl-C(O)}-, (C3-C7)cycloalkyl-C(O)-, (Cz-
C7)cycloaikyl-(C1-Cg)alkyl-C{O)-, and heteroaryl-C(O)-, wherein alkyi and
heteroary! are as defined herein; aryl is R4-phenyl or R14-naphthyl; and

35 aralky! is aryl-(C1-Cg)alkyl, wherein aryl is as defined above.
Heteroary! represents cyclic aromatic groups of 5 or 6 atoms or
bicyclic groups of 11 to 12 atoms having 1 or 2 heteroatoms independentty
selected from O, S or N, said heteroatom(s) interrupting a carbocyclic ring



5- Menber ed rings havi ng one heteroatom can be joined through the 2- gr] 0%7-2003
position; 5-menbered rings having two heteroatons are preferably joined

t hr ough thw&o@&?&t ion. Bicyclic groups typically are benzo'ﬁd‘lﬁl‘?ﬂo

e
systens derived fromthe heteroaryl groups naned above, e.g. 1 qu?h%?yl,
pht hal azi nyl, quinazolinyl, benzofuranyl, ghenzothienyl and indolyl.

Preferred points of substitution for 6-nenbered heteroaryl rings at R2 are

d i bed aboveg, en LS..a 5-enber ed_het ryl.grpup,, the 12 and R13
subst i tuent s S ANt BRgng A SRR BomnEh ohaR kg s B et Gs Fent o

t he carbon | oi prionilet arematicchavadtbe, presidedfthattaerivigsadd rot contailadjatents
referably al X | t ' ' .t he rbon
Poining the rigyoeh HRIEE sull ok, R R ARG BEhRGHan) Rnb eSO i
i s pref er abl yatemseearncbe substitotadhoy R®i RJ° weflé grawpsiciittogen atoenscamon

j oi nin t ge ry t e : I epr _fluoro,
JCh: olro,g brgm) fg@ élrglc\j‘om%% ?)j%égé)?%ég,g agge gtrea yhgé%’g%f%' ?otﬁrﬁmlifﬁ i v:JraI
agents useful BYHOYhENd 4:pyridyl.t hpigalb-memberaghaleraardgrerpa@re ®yidylh a CCRs

ant agoni st of pyenidiiye ihyly Biidiinyl HRl fRBIN-tkicels tReRIYE. Foradents may be
conbined with the ng ntal%?nlst I n,a single dosage form, or he 3%?5

ant agoni st andMefPered, ﬁ%r Y 5@8?1th°%§‘§91’8§ Cﬁﬁg’%@%éaﬁ-ltﬁg&yeﬁedor

si nul t aneous| ygroupS0 Typigacimenbyreabhstepsarg! mgk)amgenﬂplhim'lyffclj'Mr?w; ihvi ral
agents cogge . . Q.. inat . ounds of the
p?esent [ Eéegﬁl}‘%%s%cg%h#éﬁﬂ\d@]’gﬁq?ﬂesgﬁgg%bgbﬁk&sﬁ’ verse transcriptase
i nhi bi tors, ndnMenmbereddings having oee hetgroatamcas dsi joined theough theoease
[inhibitors and-qiduion; Hietbéledtiniindiin o Aslddais bAl bidigraiy i n.  hese

classifications, In 35 particular, the conbi nati ons known as (H ghly
Active Anti retiPWprtBTOUQ%HgPé‘QWS'H?% Bifvclisgraursdypisaliy e banzentuserht i on

V\A'lg hPtC_fHeUCCI?Slrir?%m@mT 'statefaive@ flfdﬁ:l the nya@réérgngro&faé rQnﬁed’ aBevs, evg. 00/ 66558

- m. "nucl eosi and nucl eotide .reverse’ .

Cranscri ptase GuiNetyy PEiaZ S a28E S ohitanFio ba' FbiRNh 80 dndotes and
nucl eoti des and arReteyastpointy efcsutistitutiamior Bimetribersxt heterogryd fingh ¥t 1
reverse transgsa e é | viral
genom c H V-1 Fﬁfs?cr@%raob\iépég@n%_@ﬁf) ﬁ%ﬁﬁéﬁgﬁﬂgﬁ%&@ﬁ&% §'% ncl ude
zi dovudi ne (AR} andiR 35#1851(1\4%!@15 argereferapipatiached feaarkent irgrmembers

A axo- el | conpydjdkent teREFE8aBBn 6infPING rid¥to #é 188k ofthE FRORENR, R R12
avallabIeZHnder t

Pri ncet on<YNJ '98 gfa%i%& ﬁ%&gﬁ@%gggéq%tla%ﬁglaggélcghﬁg?sﬁ}lg]ggqq%i D
t radenane fr orfoiRingtheRiny torbeutstosl the mblebele, (.81 asOi 2ifyrrelypyvRiR e (d4T)
avai | abl e undefofgn ¢ BRE Inbd 755 Wirsod HRE' FimBEPhdjacent to the carbon joining
the ring to the rest of the molecule.
Halogen represents fluoro, chloro, bromo and iodo.
25 One or more, preferaby one to four, antiviral agents useful in anti-
HIV-1 therapy may be used in combination with a CCR5 antagonist of the
present invention. The antiviral agent or agents may be combined with the
CCRS antagonist in a single dosage form, or the CCR5 antagonist and the
antiviral agent or agents may be administered simultaneously or
30 sequentially as separate dosage forms. The antiviral agents contemplated
for use in combination with the compounds of the present invention
comprise nucleoside and nucleotide reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors, protease inhibitors and other
antiviral drugs listed below not falling within these classifications. In
35 particular, the combinations known as HAART (Highly Active Antiretroviral
Therapy) are contempiated for use in combination with the CCR5
antagonists of this invention.



Myers Squibb Co., Princeton, NJ 08543; |am vudine (3TC) avail abl e unden g1 2003
the EPI VIR tradenarre from GI axo- Wl | cone Research Triangle, NC 27709;

abacavir (WB8eeB3 di scl osed in W96/ 30025 and avai |l abl e undsefruseaidde

ZI AGEN trademark from & axo-Wel |l cone Research Triangle, NC 27709; adefovir
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Sci ences, Foster Cty, CA 94404; | obucavir (BMs- 180194) a nucl eosi de
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Laval , Qjebec H7 4A7, Canada; emtricit -)- FT%{V | censed from
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| odenosi ne ( FRIsAPI-Mgers Squibb Co., Princeton, NJ 08543, zalcitabine (ddC) available
(2, 3- di dgexy-gyddr e Pn@r@wh&éﬁé?m@ef%rﬂf%&@fhé}rﬁﬁéélut méﬂéﬁf réml abl e

purine-based reverse transcr _Ek;se I nh |scovere | H and
under devel ofVei0; Stavudine (4 Ecavail@ble ypder thesfE BJ)FH’RGRH}@!K“’%B"?M‘ZS 35

Thedt ﬁr m " nonypers! wbﬂ@clr eRRhsdRoh! RIDUBI4; ga?m?r]thhbl(sm tava(lat?ié'%ei) as
used herein nucl eosi des | bi e 1 0

rever se trangsﬁ:%lggfgtagf @ﬁ?%@‘@ﬁ(jﬂﬁ%\ﬁpﬁg ‘é‘?ﬁ? %%dyfﬂ'@% NG1 Typi cal
sui t abl e NNR’IZKOQI'ICéh&bavaV5$ﬂﬂ89ﬁdlSEbsﬁﬁrI5WD98m0mm availabletunger

VI RAI\/UNE R
Uabor at o' Pes \NEZIRGEN FaiERAlL AR GIIGEWSioBind ABge R (GdiED gEa\%u bl o
under the RESIRIORT caziefowdépmmcilf[bls(ﬁ@NBFBM@d|aaraaabJpjtmdercbe PREV@MWat er
NJ 08807; ef qyiddptnd EM% %ﬁ%ﬁ ggl °F6§ie? (ﬁ%/O@ dh&@i QEﬁﬁchﬁr g 03440

and avai I abl e under tra enane har maceuti cal Co.,

W | i ngt on, 9@5@)“9‘7‘235”?@%597‘@_"50&'9?% tr'tsnr ﬁéﬁc’ﬂ‘l’ﬁ%d KYEPMi de under
devel oprrent lneaéhearm: EPQTS6E3RAENY uBﬂeudawm@ﬁmelNﬂ by BHstol-MpeiH49 10

{hi o 41 S8pr ook FtEaign: th) pRaaZH HCHT IR R BVEIse vanssrintasa ibilare
di scl osed | n (N3hedbiraGf 9a raceinicmiixturel of BEEHE 1 GEA\Gang BEH- 106 18y anden
(P?az gf‘ﬁg;;' Cat%%ellc%d?é 13hh?mt %?ﬁ%% avili28uellEEHAR 4A7, Canada;
emntncntabane [ -}-FT ] hcensed from Emory University under Emory Univ.
U.S. Patent No. 5,814,639 and under development by Triangle
25 Pharmaceuticals, Durham, NC 27707; beta-L-FD4 (also called beta-L-D4C
and named beta-L-2', 3'-dideoxy-5-fluoro-cytidene) licensed by Yaie
University to Vion Pharmaceuticals, New Haven CT 06511; DAPD, the
purine nucleoside, (-)-beta-D-2,6,-diamino-purine dioxolane disclosed in EP
0656778 and licensed by Emory University and the University of Georgia to
30 Trangle Pharmaceuticals, Durham, NC 27707; and iodenosine (FddA), 9-
(2.3-dideoxy-2-fluoro-b-D-threo-pentofuranosyl)adenine, a acid stabie
purine-based reverse transcriptase inhibitor discovered by the NIH and
under development by U.S. Bioscience Inc., West Conshohoken, PA
19428.
35 The term “non-nucleoside reverse transcriptase inhibitors”
(“NNRTI"s) as used herein means non-nucleosides that inhibit the activity
of HIV-1 reverse transcriptase.
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viral polyprotein precursors (e.g., viral GAG and GAG Pol polyproteins),

into the individua! functionat proteins found in infectious HIV-1. HIV
protease inhibitors include compounds having a peptidomimetic structure,

25 high molecular weight (7600 daltons) and substantial peptide character,
e.g. CRIXIVAN(available from Merck) as well as nonpeptide protease
inhibitors e.g., VIRACEPT (available from Agouron).

Typical suitabie Pls include saquinavir (Ro 31-8959) available in

hard gel capsules under the INVIRASE tradename and as soft gel capsules

30 under the FORTOUASE tradename from Roche Pharmaceuticals, Nutley,
NJ 07110-1199; ritonavir (ABT-538) available under the NORVIR
tradename from Abbott Laboratories, Abbott Park, IL 60064; indinavir (MK-
639) availabte under the CRIXIVAN tradename from Merck & Co., Inc.,
West Point, PA 19486-0004; nelfnavir (AG-1343) avaiiable under the

35 VIRACEPT tradename from Agouron Pharmaceuticals, Inc., LaJolla CA
92037-1020; amprenavir (141W94), tradename AGENERASE, a non-
peptide protease inhibitor under development by Vertex Pharmaceuticals,
Inc., Cambridge, MA 02139-4211 and available from Glaxo-Wellcome,
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er s 28T P ALER, IRAES avie o Soired ey S OUBEREA 5 and
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treat ment wit millive (t¥day, sc is preferred; a dose of about 15 million (U/day, sc is more
preferred. IL-12 is disclosed in WOS6/25171 and is available from Roche
25 Pharmaceuticals, Nutley, NJ 07110-1199 and American Home Products,
Madison, NJ 07840; a dose of about 0.5 microgramv/kg/day to about 10
microgram/kg/day, sc is preferred. Pentafuside (DP-178, T-20) a 36-amino
acid synthetic peptide,disclosed in U.S. Patent No.5,464,933 licensed from
Duke University to Trimeris which is developing pentafuside in collaboration
30 with Duke University; pentafuside acts by inhibiting fusion of HIV-1 to target
membranes. Pentafuside (3-100 mg /day) is given as a continuous sc
infusion or injection together with efavirenz and 2 Pl's to HIV-1 positive
patients refractory to a triple combination therapy; use of 100 mg/day is
preferred. Yissum Project No. 11607, a synthetic protein based on the HIV
35 -1 Vif protein, is under preclinical development by Yissum Research
Development Co., Jerusalem 91042 , Israel. Ribavirin, 1-8-D-ribofuranosyl-
1H-1,2,4-triazole-3-carboxamide, is avaitable from ICN Pharmaceuticals,



conbi nati on therapy; the use of two NRTIs and one Pl is preferred unlZs8CT 2003
there is intolerance to Pis. Drug conpliance is essential. The CD4+ and
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Agents known thgrapies tﬂcé-tﬁquent of rheumatoid arthritis, transplant and
graft v. host di se@sériplébhIRAEEH hetapR! sﬁ&%ﬁv@ﬂmwlahtiﬂir% PE! 6f Osi s

the present i GV Bk ”"\@iﬁr and.ng §INHE: a@%ﬁ%l&%an'etm@ R
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combination therapy, the use of two NRTis and one Pl is preferred unless
there is intolerance to Pls. Drug compiiance is essential. The CD4" and
HIV-1-BNA plasma levels should be monitored every 3-6 months. Shouid
viral load plateau, a fourth drug,e.g., one Pl or one NNRTI could be added.
20 See the tabie below wherein typical therapies are further described:
ANTI-HIV-1 MULT! DRUG COMBINATION THERAPIES
A. Triple Combination Therapies
1. Two NRTIs' + one PF°
2. Two NRTIs' + one NNRT/

25
B._Quadruple Combination Therapies®
Two NRTIs + one P! + a second P! or one NNRTI

C. ALTERNATIVES:®
30 Two NRTI!
One NRTI® + one Pt
Two PIs® + one NRTI” or NNRTI®
One PI? + one NRT!” + one NNRTI®

35 FOOTNOTES TO TABLE
1. One of the following: zidovudine + lamivudine; zidovudine +
didanosine; stavudine + lamivudine, stavudine + didanosine;
zidovudine + zalcitabine
2. indinavir, nelfinavir, ritonavir or saquinavir soft gel capsules.




I nfl ammat ory bowel disease: I1L-10 (see US 5, 368, 854), steroids and 207 0CT 2003.
azul fidine; rheumatoid arthritis: methotrexate, azathioprine,

cycl ophospp@sbessss Steroi ds and nycophenol ate nofetil; nult ppirgiseéri REPSI S:
interferon-beta, interferon-al pha, and steroids. Certain conpounds of the

i nvention may exist in different isonerity-25 forns (e.g., enantioners,
di ast ereoi soners, atropi somers and rotamers). The invention contenplates

all such isongrs hebhird né“érr@!efaﬁﬁ f@id in adm xture, including racemc
m xtures. Certain conp un S be acidic in natureaﬁ'égrgot hose corrpounds
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may f or m saldosnbinations maydeaditd Hivhi | esaaiammau@ cbanahigtlbeaslrbmgubst i tuents
such as am ng)élggﬁgs also formsalts with weaker acids. Exanples of 21 OCT

2003 WO 00/ CT/ USOO 11632 - 15 suitable acids for salt fornmgtion are
hydr ochl ori ¢ B-sul tNesicdataiiipings; with saguipawr apd ritppavipieachA00aaRit |

salicyligg moic, ZidsRidife, SMVOHMeCor BGaRGIME, mal ei c, nethanesul fonic and
ot her m ner al and carboxylic acids well known to those in the art. The

salts are prepared by contacting the free base form5 wth a sufficient
amount of the desiAgahta&hdmnnhedmatmnSaimehmatbei arttuitise transpiint andner .

Sutabie di ety hedfdeptes RS suc‘ﬁé'r‘ﬁé%éﬁbg%‘"& e sclyrbpis
pot assi um camfunacen henadministened svcombination vibntneLC mtaaemsgﬁaefe f orms

differ frgm tRgi reééi‘ﬁﬁﬁ&%ﬂﬂb?! 5@ 55 Mo WE: sonevvhat in certain 10 physical
properties, such as sol

Iar S v nt %Pé?a t he acid and base
salts are ot herﬁP%OW%ﬂ‘%ﬁl tt‘i?l ona ¥- [SE8SEad@MYs for
pﬁrposes of ts{1| UppraBsamts Qﬂcl'l'l Alsby&ld:@boﬁﬁethdﬁﬂtebleﬂklrsaﬂ}}(lﬂi.-f]ﬂl)etaonblandsd todbe
phar maceut i ca ce e.sa in . the the invention an
all acid and%ﬁé@"aﬁ%q& Igi) b&@ﬁgfﬂﬂ u(fg%?‘g 'to the free forns of
t he correspondl m'glamrnpmmbsv»fed)d:qaaspoﬁ.ﬂmﬁsealdsSBﬁéﬁ%mte@@wdds of the

|nvent|o§ e by the procedures known in the art, for exanple by
egures

t he proc i bed in the fol | ow ng reaction schenes by the nethods
described in t hehaumaeidartetiswmathetrexatgsazashioprine, cyclophosphamide,

steroids and mycophenolate mofetil;
multiple sclerosis: interferon-beta, interferon-aipha, and steroids.
Centain compounds of the invention may exist in different isomeric

25 forms (e.g., enantiomers, diastereocisomers, atropisomers and rotamers).
The invention contemplates all such isomers both in pure form and in
admixture, including racemic mixtures.

Certain compounds will be acidic in nature, e.g. those compounds
which possess a carboxyl or phenoiic hydroxyl group. These compounds

30 may form pharmaceutically acceptable salts. Examples of such salts may
include sodium, potassium, calcium, aluminum, gold and silver saits, Also
contemplated are salts formed with pharmaceutically acceptable amines
such as ammonia, alkyl amines, hydroxyalkylamines, N-methylglucamine
and the like.

35 Certain basic compounds also form pharmaceutically acceptable
salts, e.g., acid addition salts. For example, the pyrido-nitrogen atoms may
form salts with strong acid, while compounds having basic substituents
such as amino groups also form salts with weaker acids. Examples of



20 the methods described in W96/26196 and W98/ 05292. The followi ng21 grT 2003
sol vents and reagents nmay be referred to herein by the abbreviations

i ndi cat ed: wifdaigBadr of uran (THF); ethanol (EtOH); nethanol P‘Eb@(ggll etic
acid (HOAc or AcOH); ethyl acetate (EtOAc); N, N-di met hyl f or mam e’l%g/F

trifluoroacetic acid (TFA); 1-hydroxy 251kenzotriazol e (HOBT);
m chl or oper benzoic acid (MCPBA); triethylamne (Et3N); diethyl ether
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L L“t nI | aéﬁrl ghaoem amnapbyahdvmglenmesaipyhc JEnalid, fursartig) sudalr]ncs?fumbr;cl Bu is
o b’ R naoER: mﬁ*ﬁ%@ﬁ%@?@%@ef\?@"%%@ﬁfﬁﬁwﬁ aghs wellkhok;

L. NBoc 7 LNH to trsran the griRANpe salts are prepared by spntachng the Nsedo@eiomaoc R3

R4 10 ~N k13 | AnR
micH csce ) M G gutiRR BhfStht of i Hedirragai o PRSIk i e 2

NaBH4- BF3; e CRPYSMianal manmer; Ebﬁé%ﬁ#ﬂ tgmssmay be@ﬁg@@ﬁteg, byéaﬁtm on;
h: N-Boc-4- the salt with a suitable dilute aqueous base solution such as dilute aqueous
NaOH, potassium carbonate, ammonia and sodium bicarbonate. The free
base forms differ from their respective salt forms somewhat in certain
10  physical properties, such as solubility in polar solvents, but the acid and
base salts are otherwise equivalent to their respective free base forms for
purposes of the invention. '

All such acid and base saits are intended to be pharmaceutically
acceptable salts within the scope of the invention and all acid and base

15  salts are considered equivalent to the free forms of the corresponding
compounds for purposes of the invention.

Compounds of the invention can be made by the procedures known
in the art, for example by the procedures described in the following reaction
schemes, by the methods described in the examples below, and by using

20 the methods described in W096/261386 and W0OS88/05292.

The following soivents and reagents may be referred to herein by
the abbreviations indicated: tetrahydrofuran (THF); ethanol (EtOH);
methanol (MeOH); acetic acid (HOAc or AcOH); ethyl acetate (EtOAc);
N,N-dimethylformamide (DMF); trifluoroacetic acid (TFA); 1-hydroxy-

25 benzotriazole (HOBT); m-chloroperbenzoic acid (MCPBA); triethylamine
- (Et3N); diethy! ether (Et20); dimethylsulfoxide (PMSO); and 1-(3-
dimethylaminopropyl)-3-ethyi carbodiimide hydrochloride (DEC). RT is
room temperature, and TLC is thin-layer chromatography. Me is methyl, Et
is ethyl, Pris propyl, Bu is butyl, Ph is phenyl, and Ac is acetyl.
30 Scheme 1

R R R /P{‘ Ei
,—-;’KNH2 2= R}\ﬁkCOOCHa—E—b R” N> COOCH,
1 ) . onC
3 R4



pi peridone, T(OPr-i)4, Et2AICN, is CH3MgBr. In Schene 1, a benzyl amhe(0CL2003 -
wherein R and R3 are as defined above and Rl is hydrogen, is converted via
(2) and (3votoosédse di ket opi perazine (4), wherein R4 is as deffparRnagave,
which is reduced to 10 the piperazine (5). Depending upon the desired R6
substituent, this is processed in two-w8ys. Reductive am nation gives (6),
whi ch can be deprotected to (7) and finally acylated to the conpounds of
formula A wherein R5 ﬁ:nd R6 are H, altergsatively, a nodified Strecker
reaction on (5) gi ves he sami nonitrile ﬁ ich after treatnment with

met hyl Grignard t,0 (9) déprot J_Ogg_.andAfi nal N-acyl ation
af fords the c50n=peunds o | a~ T3 wher H and R6 is nethyl.

Acyl ation of (7) and (40) |s carried outyun er t ndard conditions, e.g.,
with a conpound R2 and r S such as DEC HOBT. Use of a chiral

conpound of forrmula 1g® &%y., (S)-nethyl bstituted benzyl am ne, and a
chiral lactate in ste a 20eg rrethy -lactate triflate, will result
in chiral co ou-nds be ﬁs IAl O C T 2003 WD 00/ 66558 -17
Schene 2 R3 R'L 0802 13 9 f 117 * 9a R4 HN
NBoc v HN N- NBocvRCT/US §2R3R414 %mMeg RAN 1 IC b5a
L. NH NB

R3

. H}\N}\I .
D e [}

o S

Reagents and conditions: a: R4CH{OSO2CF3)CO2CHgz, base (e.g.,
KoCO3); b: CICH2COC!H c: NHs; d. NaBH4-BF3; e: N-Boc-4-

5 piperidone, NaBH(OAc)3; f: CF3CO2H; g: acylation; h: N-Boc-4-
piperidone, Ti(OPr-i)4, Et2AICN; i CHaMgBr.

In Scheme 1, a benzylamine (1), wherein R and R3 are as defined
above and R’ is hydrogen, is converted via (2) and (3) to the
diketopiperazine (4), wherein R4 is as defined above, which is reduced to

10 the piperazine (5). Depending upon the desired R® substituent, this is
processed in two ways. Reductive amination gives (6), which can be
deprotected to (7) and finally acylated to the compounds of formula IA
wherein R5 and R® are H; alternatively, a modified Strecker reaction on (5)
gives the aminonitrile (8), which, after treatment with methy} Grignard to

15 give (9), deprotection to (10) and final N-acylation affords the compounds
of formula 1B wherein RS is H and R® is methyl. Acylation of (7) and (10) is
carried out under standard conditions, e.g., with a compound R2COOH and
reagents such as DEC and HOBT. Use of a chirat compound of formuta 1,
e.g., {S)-methyl 4-substituted benzylamine, and a chiral iactate in step a,

20 e.g., methyl (R)-lactate triflate, will result in chiral compounds of formulas 1A
and IB.



Reagents: j: oxaborazolidine, BH3; k: CH3SO2C, base; |: CF3CO2H. | n Stiéma0)
2, the conmpounds are prepared by an al kyl ation process 5 on a pre-forned

pi per azi neWoa0i66388i ve. For exanpl e, preferred conpounds w teCTRd0P1632
stereochem stry may be obtained in this way by chiral reduction of a

ketone (11) to the al cohol (12), activatidn as the nesylate, and

di spl acenent with inversion by treatnent with a suitabl e piperazine, which
may either beggragmgdgotected, in which case final elaboration 10 requires
deprotection folkowed by _ghe steps described inas(e) - (g)_gn _Scheme 1 to
obtain IC, or y bd el aBorat gd pri to the di acenent Bst p, in which

case the finalg-Stgps arﬁei % €GN Ornswad %ew n) as |n
Scheme 1 to obt ai n I chene Im %

NaBH( OAc) 3 N anttle forrrmlon NBoc %3 NBoc For conpoundss whére 3 and R1

are each H, either the alkylatio oute of Schene 2 or a reductive
am nati on nethod as typlfled |n S er,re 3 can be used. 20 enre 4 R4 R3 R”4
HN R6 RR3CHCI Nal, base : blo--NP_ R N N R am de formation
NBoc R& | 21 OC T 20033/\/0 /6 5 BQO/ 11 663% Foy diaryl

conpounds, V\/nere n a]gé\ re each\a-P'y n al kyl ati & thod as
typified in e rﬁeed Schene 5 CF30 CI—I?':I N €9Et 2A1CN
— IC
NBoc 5a l\/NH

Reagents: j. oxaborazoiidine, BH3; k: CH3SO2Cl, base; I: CF3CO2H.
In Scheme 2, the compounds are prepared by an alkylation process
5 on a pre-formed piperazine derivative. For example, preferred compounds

with the S,S stereochemistry may be obtained in this way by chiral
reduction of a ketone (11) to the alcohol (12), activation as the mesylate,
and displacement with inversion by treatment with a suitable piperazine,
which may either be mono-protected, in which case final elaboration

10  reguires deprotection followed by the steps described in (e) - (g} in Scheme
1 to obtain IC, or may be elaborated prior to the displacement step, in

~ which case the final steps are (f) and (g) (deprotection and acylation) as in

Scheme 1 to obtain ID.

15 Scheme 3
R4 R4
—— CF3002H;
HN/H R RCHO R N)\| e

————————
l\/N l\/N amide !
NaBH(OAc)3 formation
NBoc 15 NBoc

For compounds where R3 and R1 are each H, either the alkylation
route of Scheme 2 or a reductive amination method as typified in Scheme 3
can be used.
20 Scheme 4
R? rR® R

HN}\' ¢ RRCHCI PR ’KI N-deblocking;
R R™ N RE e

k/ N K, N amide !
Nal, base formation
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15 As shown in Scheme 6, compounds bearing an additional alkyl

+ LNBoc CFO CH3 N LNBoc | NaN(TM5)2 CH3CH2 CH3 $ CH3CH2I | N ~ 121 oct 2003.
MyBr2, NaBH(OAc)3 NC CH3 NBoG 2. separate isomers CF30 C ",NBoc CF30'v 3 5
Pi per azi nggo@hséssg MUl @ 14, especially those wherein R3 is Cé&g{ﬁ% kyl  R3

R or benzylo may al so be obtained by a process wherein the {)”r‘éﬁz S

I ntroduced as shown above by an al kyl at_lp@-_decyanatlon sequence. The
reaction is exenplified for conpounds wherein Ris CF30-phenyl, Rl is

hydrogen, R3 is ethyl ,and R4 is nethy ut usi appropriate starting 10

materials, other cgébg'é‘ﬂg§°(5f'99%¢ﬁjl“§‘eﬁ'“céﬁnge£€ﬁfﬁ paeh gnpy ap atkyiatioscheme

6 R3 R4 R3 RAmBhdd As Wpificd i Sehema: M preferdé@ R N~ _ R N OH O NH OL NBoc.

O_NBOC417%£8|RF—T"G~ R4R3RqR3RRJIN~yR5RokNonRspR&N
ilB)c

RS (I--, 21 20 19 Reagents: m BOC20, base; n: R6MyBr; o:
CCl 3CO2H, NaBH3CN; p: CFBCOQI-Ha q: NaBH4, BF3. 15 A s in Schene 6,
conmpounds beari ng al kyEt AgRoup at N pi perazine ring
may be prepared fr he +d| era2| ne i § atb\s/p(gb}; of Schene 1.
(4) is activat@y conver5| to the N(t-btUfdxycarbonyl) cong‘gund (17);
addition of a G gnard reagent and sequenti al reductlod ection and
| act am CHaCHz CHj
}\ 1. MgBr,, NaBH(OAc)s NC Cf;;
Gt :
CF0 K’NBDC 2. separate isomers ~p 30 K,NBOC
5 Piperazines of formula 14, especially those wherem R3 is Co-Cg alkyl
R
R

or benzyl, may also be obtained by a process whereinthe R'"  portion
is introduced as shown above by an alkylation-decyanation sequence. The
reaction is exemplified for compounds wherein R is CF30-phenyt, R is
hydrogen, R3 is ethyl and R4 is methyl, but using appropriate starting

10  materials, other compounds of formula 14 can be simitarly prepared.

Scheme 6
R® R* rR° R rR® R

Reagents: m: BOC20, base; n: RéMgBr; o: CCl3COzH, NaBH3CN;
p: CF3CO2H; q: NaBH4, BF3.

group at R> on the piperazine ring may be prepared from the
diketopiperazine intermediates (4) of Scheme 1. (4) is activated by
conversion to the N(t-butoxycarbonyl) compound (17); addition of a
Grignard reagent and sequentiai reduction, deprotection and lactam
20 reduction provides (21), which can be used to prepare compounds of
formula | in the manner described for intermediate (5) in Scheme 1.



20 reduction provides (21), which can be used to prepare conpounds of}1 gm ZPM
formula | in the nmanner described for internediate (5) in Schene 1. 2

1003 PCT/ Us©Oia1es8s%2 - 19 N N BoC H/N(O C C vNBoc N NBoc N Nﬁq_q-npsogl%wHZC
Ph Many pi perazines wherein Ris R8-phenyl (or their Boc derivatives)

shown in Schene 1 can be obtained fromail@mon internedi ate, wherein 5 R38
Is |I. Several exanples are shown in the above schene, wherein RBis
converted to @chemle 77 C(O NH2, H,  Ph and p-Cl C6HACH2-. Detailed procedures
for these conversions are prov ded in the exanples bel o The resultant

pi perazi ne or BOC- pi perg | then treated as sho cheme 1. 10
Schenme 8 HN~ LN 22 CHZ d\'l I$8pc6 Sone conpNLr]ﬁlBMWntion may be
obt ai ned by a Manni chC™ e hod as shown i rHiN@csSpeci fic exanpl e of Schene
8. Conmpounds useful in thIS i nkention are exenplAfied by the followng 15
preparative exanpl es, which shouhd not be, construed to linitythe scope of

t he di scl osure. AlteEna Lve mechani sti ¢ phthways and apal ggo structures
wi t hi n the scop q Rt-en Nappg&oeni—taq @. NKki |NBeel i n t he
art. é& 26- Me2- Cq . R2™= 2-Me-6- NHZ*>C6H3 NCO C. R2 =
2NH26CI- R2 N NBoc 20 Step-1 : Stir thyl R-lactate (5.0 g) in
CH2ClI2 (40 mM) at -700 C and ad trfluoronet hanesul fopi c anhydride (7.6
rﬂ),then26Iut|d|ne(78n1_)leocT2003 ?f_\

NUNBoc
p-CICeHaH,C NN Ph
Many piperazines wherein R is R8-phenyl (or their Boc derivatives)

shown in Scheme 1 can be obtained from a common intermediate, wherein

5 RB8is1. Several examples are shown in the above scheme, wherein R8 is
converted to Cl, CN, -C(O)NH», H, Ph and p-CICgH4CHo-. Detailed
procedures for these conversions are provided in the examples below. The
resultant piperazine or BOC-piperazine is then treated as shown in Scheme
1.

10 Scheme 8

HNJ\ OH J\
“hog ALY G
22 X CH,0 »s v
Some compounds of the invention may be obtained by a Mannich
method, as shown in the specific example of Scheme 8.
Compounds useful in this invention are exemplified by the following
15 preparative examples, which should not be construed to limit the scope of
the disclosure. Atternative mechanistic pathways and analogous structures

within the scope of the invention may be apparent to those skilled in the art.
Exampie 1

/@”NJ\ A. R? = 2,6-Mes-CeHs
Br B. R® = 2-Me-6-NH,-CgHa

O R
N?O C. R? = 2-NH,-6-CI-CgHa
HZ

20 Step 1: Stir methyl R-lactate (5.0 g) in CH2Cl> (40 mi) at -70° C and add
trfluoromethanesulfonic anhydride (7.6 ml), then 2,6-lutidine (7.8 mi).



WO 40/ 66558 -20 PCT/USOQ'| 1632 Renpve the cooling, stir 0.5h, wash v} {BC21R003
HCI and add the organic solution to (S)-nethyl 4-bronobenzyl am ne (9 0 g
and K2CO3 wblosesss in water (60 m ). Stir 20h at RT, dry t phase
over K2CO3, evaporate and chrornatograph on silica gel with |2 to
give the desired 5 product (7.50 g) as-@¢gthick oil. Step 2: Refl ux t he
product of step 1 (7.5 g) in 1,2-dichloroethane (40 mM) and Cl CH2COClI (5.0

next Step.  stanog WA ngﬂ%?‘ S @5’%@”&&%@ (10 m)

and Nal (8 =®hgion )'T‘ﬁ rtar@& 88?13:&'3"‘?\!%@1 and BaCOx(1H-2 GAdd stir
to RT for 20hvatédeswm1|prsﬁr22§hai RTddBPINessrgani pRade bh@r goCOd, evapbrate! |

th t d t abl
for the next ndiroafiiodiphior siEa b8 Ml B0 REET Qhuike hé 'd%?gséé‘,' (6. 8eg)
1, 2-di rretboxxﬁbﬁadﬂew Scﬁﬁ)aihtﬁi&ﬁ oaBH4 (3.4 g) under N2 add BF3. CEt 2 (6
n1) dropwi se,. t

t _at. 100 CH3 0
dr opwi se, fol Cproga:t ?‘3%991 (71%831"9305? ﬂTa ga%o
basi fy with @we@@mccm@us &maf) &ﬂ&fadhewapﬁtm@nque thecresk®@ps and

evaporate to rEiP% (5.85 g), suitable for the next step.
Step 5: Stir' phaégjn'tegﬁyl :ﬁmx rre of the g)roduct of step 4 (5.48 g), N

20 Boc- 4- pi péatepid ol the. modiggt of eter 2(in DMSR (80 w2 Glate 8@ mil) amchiad ¢8i um
triacet oxg- ba)oéwmnc&e (aHaEéth@AN)-&bH Sofiitioh- d(mddl)@f@eaﬁ 18 RIE frs20ia2C08

solution slo stir, for separate an | ter the organic phase
t hr ough a pacf‘%* waigr c(gogé‘l“) dmwm&%ﬁﬁ@m%@m%eﬂ wish ‘b‘atqflﬁ"@ dy of
tgg 2ErOdZK/|t atlantamrsamm ﬁﬂ?vdltﬁé@lme@o i @ra(zmelctuﬁtable ﬁr&ﬂeh&@s{&l tStltL and
a a Ut W,.se C e
solid, was hﬂ?—?—h—‘ %’f ’ﬁﬂr%? q%evﬁrpﬂu@ﬁ&eétép%]@ éﬂgeﬁg %WBBQ?\'E@P Dry
the organic (6har$|)3andé~iaBﬁaBB4ig)dmdeabkzr add Bfog-Olitta{618trhiy chiepwised tipemduct
5.45 St y ' 1.5
0 and T Theba Bho" o T a?’°°?§. § SHICHROEl2A D) dHoRMiGe, BloPkaRY (o 3
N NaOH sol utdonn. HOI (Bbady. Heates 1008 G arpdy. aceol; basift with exicespr@Niuct (1. 15

9).  ConpountNdOW andibxtfakk REhtEYO)Ad. aDAREFePK SC @%Lﬂrﬁi e&ﬁ%rhté fSoBtamtted of
step 6 with 2,6-di nethyl benzoyl chloride in aqueous NaOH, and

convert the MRRIG@*Det(é $@). RydaereoinerextWeR85- 192 C (deconposition). 35
HRVS f ound: 315@“ iyH20KAtRT 4%Rixtdrétf theErednet df step HOfs. amignant he

> 2 no- 22 L& oRgRRE (R §L8‘?§&1<‘?fwd%@'€a%‘<@% ML 8BRSy | ari ne
in DVF, puri tyacetiexabbahydride (NpBHOAzZs) KBG ghdAZd eRcess a2qu@ous

NazCO3 solution slowly, stir for 0.5h, separate and filter the organic phase

through a pad of silca gel, washing with 10:1 CH2Cl>-Et20 to elute all of the

product. Evaporate and dissolve the residue in Et20 (100 mil). Stir and add

25 a 4M solution of HCl in 1,4-dioxane (10 mi) dropwise. Collect the solid,

wash with Et20, and stir with CH2Clz and excess aqueous NaOH. Dry the

organic phase over KCO3 and evaporate to obtain the desired product

(5.45 g).

Step 8: Stir at RT for 2h a mixture of the product of step 5 (1.5 g) and TFA
30 (4 ml). Evaporate, dissolve in CH2Cl2 and wash with excess 1N NaOH

solution. Dry over KoCO3 and evaporate to obtain the product (1.15 g).
Compound 1A: Following the standard procedure, react the product of step
6 with 2,6-dimethylbenzoyl chloride in CHoCls and aqueous NaOH, and
convert the product to the hydrochioride. Mp 185-192° C (decomposition).
35 HRMS found: 498.2130; MH"* Calc: 498.2120.
Compound 1B: Foliowing the standard procedure, couple the product of
step 6 with 2-amino-6-methylbenzoic acid using HOBT and DEC with
diisopropylethylamine in DMF, purify the amide by preparative TLC and



WO 00! 66558 PCTIUSOO' | 1632 -21 convert to the hydrochloride. M 183-11[}9% ng
(deconposition). HRVS found: 499.2069; MH+ Calc: 499.2072. Conpound 1 C

Fol | owi ng Wowmosessée net hod, couple the product of step 6 W USoo11632

2- am no- 6- chl orobenzoic acid and convert after purification to the 5

hydr ochl ori de. Mo 192-200C (deconpositioB) - HRVS found: 519.1530; M+

Cal c: 519.1526. Exanple 2 A. R2 = 2,6-M2C6H3 B. R2 = 2-NH2-6-Cl -C6H3 C.

pr oduct of ExaamTat (o Bieel "88u§§§ BT Bhcapgitid HAMS e

4- pi peri di noné0 : 490 gﬁoagn&’"ﬂl Cale: 2j sopropOX| de (T| (O Pr)4) (1 00 g)

for 20h at RT o'fh (%namn fr@fébﬁi/é%tﬁ&%@ fé’ qﬁ
di et hyl al um nu anl d:‘52A of 1 Mt uene so ut|o nd t he
stir for 5 da a’i’?T"QIﬁ org éWﬂﬂUﬁ QOHVQJiI?@eZPé’(ﬁ[f'CRﬂ@HtOHT‘%/ and

evapor at e 5henpmanlomdpha'@e1mooﬁcqmab© p@Bth@ly; Hnmsafogﬁb 31 RseH2Cl 2 15
CH3COH (100: 1)%9@%%& g{fgeﬂem red product (0.72 Step 2. React the

product of st 1 s dry THE (15 m) under N2 with CH3MgBr (4 m
of 3M Et 20 solution) at RT for 20h. Wr ExampleEROAc- water and filter the

organi ¢ phase through silica gEI washing with Et,OAc. = Evaporate to obtain
%L'ep 3: Depr&&t‘?ﬁ'é‘ep? uct of step 2

t he desired product (0.65 .\
with TFA according to the el\/r,@tiﬁcrl bed. iR HxBhpbet-CeHst ep 6.

Conmpound 2A: React the Bfodlct of st wi t h i afet hvlelOR@EH, chl ori de  as
described in Exanple 1 and convert tosMe MO msadd. o Ma-gl@Q;ckfl C

(deconposition). HRVS Found: 512.2272; Cal ¢: 512.2276.° 75 Conmpound 2B:

React the progduct o%tlste 3 with 2-am no-6-chl orobenzoic acid as described

in Exanple 1, f ie Rioduet pf Bxaeple). geehilab @ Ntthotaxyrarbanyrt to
thF HC|53§1£1% 4 er@fin@ @007 7 di aoditanitimofly) |§dﬁk®f0ﬁ@&ll{fﬁ(0m)l(g&ﬁj d)\/H+ A
Cal c: e I ox

30 net hyl ben%{cggggl?éwgg] %QQCF @%Jnhhﬁeé@&qgrgp'f% cﬁcﬁcﬁ??,ﬁ hgpudeyprodﬁct
by prepar at | $iethylalussnure syaride (E@AIGN)KIGJZ ghbf 1Miehss® 2alotion) and the

(deconposi ti ogtir foH MR E@Mﬂl’uﬁiﬂécﬁ%? \Makkk Erﬁq-%@:%zaa%aoﬁgﬁgw 2D

React the product of gl'c sin

procedure si nfYageralg tﬁﬁé’{ 9%@‘3 agg(pqra]cr}gpg}%pgraph Prueilicg ashwith1Clde@lzr 2003
WO 0016659%8 RCHSOE0A001H33 obtain the desired product (0.72 g).

Step 2: React the product of step 1 (0.70 g) in dry THF {15 ml) under Na
with CHaMgBr (4 ml of 3M Et20 solution) at RT for 20h. Workup in EtOAc-
water and filter the organic phase through silica gel, washing with EtOAc.
Evaporate to obtain the desired product (0.65 g).

20 Step 3: Deprotect the product of step 2 with TFA according to the
procedure described in Example 1, step 6.

Compound 2A: React the product of step 3 with dimethylbenzoyl chloride
as described in Example 1 and convert to the HCl salt. Mp 180-187°C
(decomposition). HRMS Found: 512.2272; MH" Calc: 512.2276.

25 Compound 2B: React the product of step 3 with 2-amino-6-chlorobenzoic
acid as described in Example 1, purify the crude product by preparative
TLC and convert to the HC! salt. Mp 185-200° C (decomposition). HRMS
Found: 535.1662; MH* Calc: 535.1652.

Compound 2C: React the product of step 3 with 2-hydroxy-6-

30  methylbenzoic acid as described in Exampie 1, purify the crude product by
preparative TLC and convert to the HCI salt. Mp 206-210°C
(decomposition). HRMS Found: 514.2067; MH" Calc: 514.2069.
Compound 2D: React the product of step 3 with 2-amino-6-methylbenzoic
acid using a procedure similar to that described in Exampie 1, purify the




-22 crude product by preparative TLC and convert to the HCl salt. M 220120[:T 2003
209C (deconposition). HRMS Found: 513.2227;, M+ Calc: 513.2229. Exanple 3 )
NYR2 O A (R%V{if 6-di-Me-C6H3 B. R2 = 2-NH2-6-CI-C6H3 C. R2 =

2, 4-di - Me-% | 5 Step 1: Reflux and stir a nmixture of FEHH0ALE3Ret hyl
ester hydrochloride (14 g), anhydrous (60 g), dry CH3CN (125 m),
chl or odi phenyl net hane (22.3 g) and Nal (5g) for 6 hr. Cool, add ice-H20
and extract with Et20 (350 m, then 50_m ). Conbine the E120 extracts and
wash with por €réds peduct RyRrepa@tive;bleC @and coower to thadlClsalt. 1dp@d02-10

Conbi ne the agpeORs(RELFEISIGHN! HRMS FoaRd 899,2207e SAHNISAES 515 978 |
poprtions until the mxture is basic. Extract vmn}ﬁh Et 20, dry over MgSO4 and
evaporate to obtain the N-diphenyl nethyl Bl (23.2 g). Step 2: Refl ux
all of the above conpound w ] CH2COCl (10 ml) in dichl oroethane (60 m)
for 4 h. Evaporate, and co-e or/ite with toluene 15 (20 m). D ssolve the

residue in CH2A 2 (200 m), . stiir Xor 0.5 h with aéLia@.’aﬁqe.@gﬂpon (10 9),

filter and evaporate. Sti e Hesldue with ic 20a/ R0 O (200 m)
and gradual |y add concent red e&q-ué' H3 (15'0':‘91 ?mfzr% %p?\?aa (10 g). Stir
at RT for 20 hr. Add iced water (500 rcol Yebt =@ "é\gq'?'ﬂ‘,’”%sh wel |
wth water, then wth several small portillons of a 20 10:1 hexane- Et 20

m xture, and dry at 50 C with high vacuuf to obtain the solid

di ket opi ped az Step (11 SRefigx anBestirys trikture of 8-alaihé mathyl ester bpdGdAldride

h : 1 - 5 N Pid duct of step 2
(4.0 g i ai ok g arfhyabdd Ny @@’%Eﬁs%ﬁé%ghﬁﬁd&"é?anz add
BF3. OEt 2 ( 3. 2¢chiorodiphanyimathane 22 & gpand Nal (f5orkas 6 BndCaatl addies+HPo ni )

dropwi se, t heang@igractivith(Elt ordze)so e fther 50HI) 2 CombiRBGhBEIKOWXtiaBtLaREeSS 2N
agq. NaOH and extract with 202. Dr over C03 and evapor at e.

Chr omat ogr aphW@gh¥with partioas af; 1Y ag: HEIC308 L 18AIphithedur B8 Mland finally
with 5:1:10 1 ConbinEtlhguebidSidciHésdracts Cstirtanueada éxessypNaaCOstinemaiioduct

fractions to j n.the e £ a I I gum
Stop 4 sti v BORfePs LR HRArS LR, Eitabd il £HAQ"3p oV BBl e
N-al | yl oxycar beagdratel tqooptain thoa &l-diphédyimeth@hach@orid (23.2g)d NaBH( OAc) 3 (0.
70 g) at RT f 0 ' » ry over
MySO4, 21 OCI%EetPU% \/\F/ge ﬂcl)%?%l}é%gglép %%E?gg%w@?%v@é&c?g?@ a’r@ I?‘sol ate the
product by pr dishiaropthane (60 mi)for Adr.wEvaparete. and co-evaporate with toluene

15 (20 ml). Dissolve the residue in CH2Cly (200 ml), stir for 0.5 h with

activated carbon (10 g), filter and evaporate. Stir the residue with ice
cooling in DMSO (200 mi) and graduaily add concentrated agueous NH3
(100 ml}, then Nal (10 g). Stir at RT for 20 hr. Add iced water (500 mi),
collect the solid, wash well with water, then with several small portions of a
20 10:1 hexane-Etp0 mixture, and dry at 50° C with high vacuum to obtain the
solid diketopiperazine (15.5 g). Recrystaliise a small sample from CHClo-
hexanes: mp 186-188° C; [ap™° = +272.6°.
Step 3: Stir the product of step 2 (4.0 g) in dimethoxyethane (40 ml) and
NaBH; (1.6 g) under N2 and add BF3-OEts (3.2 ml) siowly. Reflux for 20 h.
25 Cool and add CH3OH (10 mi) dropwise, then conc. HC! (15 ml). Refiux for
2 h., and work up in excess 2N aq. NaOH and extract with CH2Clz. Dry
over K2CO3 and evaporate. Chromatograph on silica, eluting with CHaClp-
CH30H mixtures, and finally with 5:1:0.1 v/v/v CH2Cl2:CH3zOH:NH4OH.
Combine and evaporate the product fractions to obtain the desired product
30 (1.95 g) as a pale yellow gum.

Step 4: Stir a mixture of the product of step 3 (0.50 g), N-altyloxycarbonyl-
4-piperidone (0.40 g), CH2Cl2 (5 ml) and NaBH(OAc)3 (0. 70 g) at RT for
20 h. Work up in CH2Clo and excess aq. NaOH, dry over MgSOQa4,



Et20 in CH2Cl 2, to obtain the desired compound (0.80 g) as an oil, 210CT 2003
contam nated with a small anount of starting ketone, but suitable for the

next step.“@)ﬁ%& Stir a m'xtur_e of_t_he product of step f»lcﬁ-}?rsg&l%z

CH3CN (20 ter (5 mM) and piperidine (1.5 m). Add
tri(4-sul fophenyl)phosphine (0.072 g) apgl_palladium (11) acetate (0.02 g)
and stir at RT under N2 for 2 h. Wrk up with agueous NaCOH, extract with

5:1 v/ | CH2Ql 2, . dr d b | |

i1, "sui t abl eSYaporats, aag Malady e arhfith SReRERE TG ORI e o o
the product oEtz§ wpCH20te, 10 apfain the gestedicampiesrdi880bg) 3s ansilper i di none

0. 10 | d k
fjp Wi tﬁ) CH2C @&ﬁﬁngﬁeﬁﬁa&@m@gﬁh%‘ aabg@ett)ﬂéag%&a ebg‘:"r:l@)?ltg%?gt eW'?Le

maj or productnexXiysi@peparative TLC, eluting with 3:1 v/v Et20: CHd 2.

Precipi take tSRplS ke a0aB@ldss the prbd@dtibfishsp dg{ﬁgm}g@) #9),t he HClL
salt (0.13 g). 173-177 C (decorrp05|t|oni und;” 482, 3175; M+

Caic: 482 3water¢5mdand riperidisg il ® Mhe ADHIGSUiPPRRRYIPRORPIRE
2- am no- 6- chl(@u@¥2 gy and paliadilmo ¢l yeE-diie- (E@Tghand etic at BEdirider BigsfopReh. 1,

compound 35, 1ork 2B Wiy aitellz A, PR MR R VO RIRREGECH S Rr 0.1,
503. 2578. cdﬁgﬁﬁamm\rmpteetqmamw w il suiggble fori agylation.
2, 4- di el By ! N6 GRiERA ! rir Ak @E&h ofF 1 pRIdRESr BRBUF 0 bR ALE 1o

d b A 3C.
Egg ligts C 25 Pdd@&)ﬁw h‘g? 00"?98 O“ SJL Neﬁ'zctal@'?aﬁ!és 3124

Usi ng procedtmsggomcbﬁ 0.18 ﬁgr;@.Sd'ﬁ,SQGSd)lb&ﬁU NNNQ dwmcgt@%ﬂan@g Corrpounds ‘
were prepare - : ,

o1 Peers S e e et g Me SO, < ibBid Alisqaiina o p sl P
P!VUSOOn 1632.t6y bgparativie TACs elutingomittoB: Mv/ertﬁ@c@lrlg@tet rRﬁIecm)data)tbieenoned( 1. tSﬁ

2 conty SpbpiBitiotliidi e enffine HeGirfBal iy 3 d iﬁ %?3‘ G5 5F o

10 min., a so1m-|16ﬂ°0dﬁezmmsam) mERYS Fundi (823 MH " Lalc: 6 rrrml) in

THE vvas adde ? W se over 5 mn. TLC at the end of 30 m n. showed that
er

the starti ng rra l'al__had been converted to a npre é)o ar_product. The
reaction was Compound 3B: Couple the product of step 5 with 2-amino-6-chiorobenzoic

acid using DEC-HOBT as described in Example 1, isolate the product by
20 PTLC and precipitate the hydrochioride to give compound 38. Mp 188-
195° C (decomposition). HRMS Found: 503.2567; MH" Calc: 503.2578.
Compound 3C: Couple the product of step 5 with 2,4-dimethylnicotinic acid
using DEC-HOBt as described above, isolate the product by PTLC and
precipitate the hydrochioride to give compound 3C. Mp 180-188°C
25 (decomposition). HRMS Found: 483.3114; MH" Calc: 483.3124.
Using procedures similar to those described above, the following
compounds were prepared:

el

O CH; 3E: Mp. 170-175°C




10 quenched with about 5 m of CH3CH carefully until effervescence ?tloﬁ[gﬁbﬂﬂ _
vol atiles were rem)ved I n vacuo. The residue was dissolved in CH2C12 ‘a
washed Wltvt;8 )5# , water, 10% NaHCO3 sol uti on and bri ne. ggﬂ b}é Lon in
vacuo gave Zg of a yellow gum Flash silica gel chromatogr @f‘s@ %
using 10-20% Et CAc in hexanes furnished 4f)e 15 desired chiral alcohol (1.6
g; 84% as a colorless oil. TLC Rf = 0.6 1n 25% Et OAc: hexanes. Step 2: To a
solution of the product of step 1(1.55g; 8.16 mol) in 10 m of CH202
cooled in an iceth were added Et3N (2.3 ml; 16.32 nmmol) and CH3SO2CI
(0.87 m; 10.6 F ) to forma turbid white solution. The 20 reacti on was
quenched with wats d tgecorganl c product was extracted w th CH2C 2,
washing with er,\;N Mg%/ HNaHCO3 sol ution and brine. Concentration

I n vacuo gave e chir e (2.1 g; 96% as a pale yellowoil. TLC

Rf = 0.6 in 25% EtOAc.hexa es] Step 3: A solution of the product of step 2
(2.1g; 7.8 mmol), the N-BOE Ol pro@ectidg. 288)1888Chy| pi perazine (1. 569;

7.8 mmol - prepared fromthe reactiﬁg$ E%zmarmal 2(S)-nmet hyl piperazine
with N-(tert-butoxy- carbonyl oxy)pht KRR ) and 2, 2, 6, 6-tetranet hyl

piperidine (1.34 m; 8 mmol) in 5 dry CN3CI\Iwere heated at refl ux
until TLC indicated conplete dis eaP‘an e of élhe mesylate (16 h). The
reaction mxture was 30 cool e¢.t 2CI2 (50 n) and
washed with water (3 x 100 2 1 001 2003 -25 PCT/ US00/ 11632 ml)
and brine. The organic extract was dried over S I| NgSO4 and then
concentrated to obtain 2.8 g of a yellow gum F 20% Et OAc in hexanes)

served to isofaipel:t Besalaton ewﬂﬁlﬁrameawlwewmr{oheag 885924 0amohol) ins
b 1< Rl T Bl AL e i
TFA (6 m) wasola®)eR-metayl axaboraidire (&mpa‘meib éftes1@pm. i aspﬂdtlcm of
G2C1 2 and t hg m%&rahﬁ%dee@gﬂ S e6Be BUnl: Gt 7 THFSWadaddedf or | 8 h.

To. rEif‘?;L?.”vé%%ws“eeaﬁer Sebo LS GEuE Sncs 3 FnyheRe DAL IhS a8ty o” st g
10% C"'S;O" ' & i o hagBagCcdriverte@s 2PMlons pblmlﬂrbﬂuctarmheyrmtmtwael ute i on
ani ne of e ¢ fé‘% S W Epalbe I RIS Grehfly Sk SréiiBspPcs SEbpeee
CH3OH: CH2ClI 2. vdiatales weregemovedsn yatue i Ehedesntdhle wabdisselved istleif2Glx andg;
?mgl ;mglnzj gl acl a wg@?ﬁ“@"’s@ ﬁaﬁo%%FgwmggWeglaPSgnbﬁeg?
tenperature Eoncentsation mMvacupgayetagicba yelew aymsklash siigadflerial . The
reaction m xt gh@matography (FSGC) using 10-20% EtOAc in hexanes furnished the
15 desired chiral alcohol (1.6 g; 84%) as a colorless oil. TLC
R¢ = 0.6 in 25% EtOAc:hexanes.
Step 2: To a solution of the product of step 1(1.55g; 8.16 mmol) in 10 mi of
CHoClo cooled in an ice bath were added EtaN (2.3 ml; 16.32 mmol) and
CH3S02C! (0.87 ml; 10.6 mmo!) to form a turbid white solution. The
20 reaction was quenched with water and the organic product was extracted
with CH2Clo, washing with water, 1N HCI, 10% NaHCO3 solution and brine.
Concentration in vacuo gave the chiral mesylate (2.1g; 96%) as a pale
yellow oil. TLC R;= 0.6 in 25% EtOAc:hexanes.
Step 3: A solution of the product of step 2 (2.1g; 7.8 mmol), the N-BOC
25 protected 2(S)-methyl piperazine (1.56g; 7.8 mmol - prepared from the
reaction of commercial 2(S)-methyl piperazine with N-(tert-butoxy-
carbonyloxy}phthalimide) and 2,2,6,6-tetramethyl piperidine (1.34 mi; 8
mmol) in 14 mi of dry CN3CN were heated at reflux until TLC indicated
complete disappearance of the mesylate (16 h). The reaction mixture was
30 cooled to RT, diluted with CH2Clz (50 ml) and washed with water (3 x 100



was diluted with 50 M of CHXCI2, washed with 1 N NaOH sol ution, wated [(8CT 2003
x) and brine. The CH2Cl 2 extract was dried over anhydrous MJSO4 and 20

concentr at ain 1.7g of yellow oil. FSGC (25% acet one, S)
3o b it A

was used to | the pure product (1.3g; 86% as a white foam
0.6 in 25% acetone/ hexanes. Step 6: TFA 46_nm) was added to a sol ution of
the product of step 5 (1.3g; 2.87 mml) 1n CH2CI2 (10 m ) and the

eact on ve GULHOREENG: TR AR s Has s iV o FMASO et 1o 10

Thte Ofggﬂi c B&@ﬁéﬁtraga% t&$bfaie Pl ldgfaoyﬁﬁ»w gmmofFSLFi_Z;qzzwarmeth ih;d with
water, then brine and dried .ov . niration gave.t| ani ne
e e S 0 Bt e ST 823 7T,
Step 7: The pretentylirf epitrep, he((R,3BdiasterabmendD)5g; DES) for &SzpmBinédnmol ) ,
HOBT (0. 468; ¢ 2-@BFEne- r | [ ' ael. 9
ol )(vver g_?di ég%’l %@'?E@g%m- %‘?53%2%5@ 9'%?@@%?5%5&&‘%@3‘3% yl et hyl
anmine (0.7 ml Btemd: (TFA 6 md)uvas added to arssdutin ahmeempdusb%%tﬁ&t%mfor 16h.
TLC alnal ysis ﬁ{]%\tf\@lh §92_@Qh@fe$ﬂmgt yéiﬂ)wﬁzﬂrﬂig@boiﬁﬁoa%éh _sﬂn(;auiammbfoét\)m
over - | appi ng spots of nmedi um pol ari r ot,omer e hindered. apj.de) as
Che s br | profifut Therradipndaueed by g NaoPisadtion 1 5iatiie .
wor k up and ppHitbitl Extractiye wiskUpin Gh2CiPgade ©1g af 2gelow\apram 15653 .
PCT/ USCO 11632 _ - i ' t] ggAIouNn
(0. 88g: 8@1}/@ Gsing %%%&ﬁ'ﬁl@v%@ﬁ@é&swié:ieo#ﬁ%&gﬁﬁn%@idrﬁdz@%
acet one: CH2C! glutinnswthul Yeoltadf inHiRee SefdsOtP HeCleewas nepded ta ewtedhs ) was
added to a s | fo b ' 7 BTN > YRkE= o} OWRPl) in
CH2Cl 2 (5m) Békﬁi'%d)ggteaanﬁlhsrﬁ!tﬁé ?’(ﬁ?aneoﬁgam%ﬁee‘bgﬁgcg?qgﬁaAfter
stirring at RF&ein30% bﬁi@ﬂ/b 2:es were renoved on a rotary evaporat or
and the whitegigsi dUSoMASsSEGDEHE efitHeprduct of vepes (Boy; 3B Mmolpng

h_ﬁne ;

azeotrope T | t | d At tal n | t 20
cont ai P 109Peebteee Oted &7 HipSS RAPROIARH £ 085 ASS il AT PO o0
(100 m). Theglacial A&QH(80 pl) in Bant ot CH2Glrwas stirred at amiigntiamperatyR® vacuum
to yield an off-wWyite " . ' 2 ' riaf0 ; e Of
step 6 was coL‘ifearmG_é’?j ?‘5&3{1 @P(egiﬁl% nc%iﬁsﬁﬁmgsrﬁg enﬁ% c% b;r gﬁé‘iﬁﬁt@ﬁ gg:@ %si ng
the appropri at@schiuiasyith 01| efCH washegavith 18 Naprtsplptionawalerdg
having the foki and Beng! MRl OHSCI, extadt als! dried ovércardiyilr&s MgBB3 and as
det i ned 1 N ohaantiated (o cotam 1.7 6 yellow oil FEE0154% aktons in hexafes)

was used to isolate the pure product (1.3g; 86%) as a white foam. TLC R,

= 0.6 in 25% acetone/hexanes.

Step 6: TFA (5 mi) was added to a solution of the product of step 5 (1.3g;

2.87 mmol) in CH2Cl2 (10 ml) and the resulting yellow orange solution was

25 stirrred at RT for 7 h. The reaction was quenched with 1N NaOH solution

and the pH was adjusted 1o 10. The organic product was extracted into 50
m! of CHoClo and washed with water, then brine and dried over MgSOs4.

Concentration gave the free amine (0.98g; 98%]) as a yellow syrup. TLC R
= 0.1 in 25% acetone/hexanes. '

30 Step 7: The product of step 6 (0.78g; 2.21 mmol), DEC (0.65g; 3.4 mmol),
HOBT (0.46g; 3.4 mmol) and 2-amino-6-chloro benzoic acid (0.51g; 2.9
mmol) were dissolved in 8 ml of CH2Cl> to which was added
diisopropylethyl amine (0.7 ml) and the mixture was stirred at ambient
temperature for 16h. TLC analysis showed absence of starting material

35 and formation of two over-lapping spots of medium polarity (rotomers of the
hindered amide) as the major product. The crude product (1.3g) was
isolated by extractive work up and purified through FSGC using 25%




4ACF3192-195489. 2841 N i 2 4BCF3203-206490.2681 aH 4CCF3186-190488. 2d000N 2003
.1 4DCF3y207-210489. 2851 4ECF3152505 4FCF3N~--490.2796 2 7 O C T 2003 WO

00/ 66558 i /USOO 11632 O HN JNBOC F C4 | N ~, NBOC + -
Exanpl e 5 orals 7100 00 255 1.1 FBOON -5 - - 1 kon Tr1nCEagtins
F3C0" " NR2 25 Ex 5 a. if ~NBOC 25b 0. pé.solution of the racem c benzyl
chloride 24 (1.26g, 5.62 mmol) 5 which was prepared freshly fromthe

22 6 bt et r RRAROR Mo PR TaANBIOS tEP R BolROunt P 3095 4L 1ea "
dry DVF (2 nlpaleyglibedpad.t TLC Ry = 0.45 and 0.5 in 25% acetone:CH2Clp.
A solution of hydrogen chloride in Et20 (1M; 3 ml) was added to a
solution of the title compound free base (0.76g; 1.54 mmol} in CH2Cl2 (5ml)
5  to obtain an instantaneous white precipitate. After stirring at RT for
2 h, the volatiles were removed on a rotary evaporator and the white

residue was suspended in dry toluene (3 x 10 ml) and azeotroped. The
white solid thus obtained was suspended in dry Et20 containing 10%

EtOAc, stirred for 30 min, filtered and washed with Et20 (100 ml). The HCI
10 salt of the title compound was dried under high vacuum to yield an off-white
solid (0.88g; 95%). Mp: 205-210° C.

The product of step 6 was converted to other amides (4A-4E) as
described in step 7 using the appropriate carboxylic acids. Physical data
15 for compounds 4-4E having the foliowing structures is as follows:

O
R N\G\J\Wﬁz
O

wherein R8 and R2 are as defined in the table:

Ex. R8 R2 Mp (° C) HRMS (MH")

4 CF3 : ; 205-210 509.2295
NH>

4A CFq : ; 192-195 489.2841
NH,

4B CF3 : : 203-206 490.2681
o+

4C CF3 :‘ ? 186-190 488.2902
N
|

aD CF3 p 207-210 489.2851

4E CF3 N0 152 505

4F CF3 , N?« - 490.2796




100-110C (internal tenp.) for 10 h. TLC anal ysis showed absence of 242]ap|€ir 2003
formation of two well-separated products. The m xture was diluted with 10

wat er and WP®0s685ani cs were extracted into Et20. The or gani ecariseercis3nas
washed with saturated NHACI and brine and concentrated in vacuo to obtain

2 g of crude product. Flash chromatograpt/ on silica gel and elution first

w th 25% Et 20- hexane fol |l owed by 25% Et OAc- hexane gave -.0.5 grans of 2ba
and -0.5 grans of 25b respectivel y (-4Exampidbned yield). 15 TLCRf = 0.6
(for 25a) and 0.4 (for 25b) in 25% Et OAc-hexartesy Purified 25a was treated
as described previously to o n the fin sSto 5F vingthe
formula . F3CO wh ' i ANas NB@EI ned_j e talesc CHRMS

N 5} 208-21251% ég 5A198- ?0’%%’%% 20140 SE 2233 (shaeré (Dyaqgo@ Cl1
2003 WO 00/ 66588~-28 C O 5iE, THB0345°4 800 t 5DC1@ 3-Fa533. 88275b
Ery202519. 2964 N O 5FYY190535 2901 5G198-203-- k LHNZOS 210-* Exarrpl e 6

F3CO 5 J\
e — e
3 25a Ex.5 NYR

o
A solution of the racemic benzy! chloride 24 (1.26g, 5.62 mmol)

5 which was prepared freshly from the corresponding carbinol, the 2(S)-
methyl piperazine (1.12g, 5.62 mmol) and 2,2,6,6-tetramethyl piperidine
(TMP) (1.2 ml, 11.2 mmol) were dissoived in dry DMF (2 mi) and heated to
100-110°C (intemal temp.) for 10 h. TLC analysis showed absence of 24
and formation of two well-separated products. The mixture was diluted with

10  water and the organics were extracted into Et2O. The organic extract was
washed with saturated NH4Cl and brine and concentrated in vacuo to
obtain 2 g of crude product. Flash chromatography on silica gel and elution
first with 25% Eta0O-hexane followed by 25% EtOAc-hexane gave ~0.5
grams of 25a and ~0.5 grams of 25b respectively {~45% combined yieid).

15 TLC R; = 0.6 (for 25a) and 0.4 (for 25b} in 25% EtOAc-hexanes.

Purified 25a was treated as described previously to obtain the final
products 5 to 5F having the formula .

: NJ\
Co’:j K’Nm\n,n?

o)

wherein R2 is as defined in the table:
Ex. R2 mp (°C) HRMS

208-212 519.2858

N
p
Q
5A %rNg 188-203 535.2913
o
o
58 Y\? 233 (sharp) 538.2390
2




Step 1: F3CO 27 CHO 26 HVNBOC N~ LNRi FCO3 Ti(QPr)4/ EtZA"Pl\'{]JE)HﬂU}
NaHVDS / Et-1 27 PCT/USOO' | 1632 MgBr2 : Et20 / CH3CN 28a

(S, S)-D asvoweeess 28b. (R S)-Di astereoner 2) Na(OAc)SBH FeSEhAodit re of
the al dehyde 26 (3.9g, 20.5 mml), the 2(S)-nethyl-N BOC pi perazi ne%|

g, 20.5 mol) and Ti(GPr)4 (6.1 nL; 20284mol) in 40 m of CH2CI 2 was
stirred at RT for 24 h. Et2AICN was introduced and 10 stirred for an

addi t onal qﬁhﬁr CUIOIp M XTUre was progessed as  despri bed before to
obtain 4.71 |grans| (58%Foff t he| cyano anine 47 after FSG (TLC Rt =

0.45/0.5 for ql;@ster seen Wt hgth% Et 30 hgxmnge0 as| solvent). NYR2 O
21 O C T 2003 D0/ 668558 -29 PCT/US00/ 11633 Step 2: Sodi pm
hexanet hyl di{sTtazfde 3. 1Tm) was added to a solutiop of 27 (1 g; 2.5

mol ) in dry} THE ool ed a dfy icel/acetong bath. The rgesulting bright
yel | ow sol utfi @D was thrgated wi fh CHES®RI| (7.5 nbdB.18876 hi). The dry ice
bath was renpved land the ®eactlon was stirrdd at anbient 5 tenperature for

15 min. fol ljowed py ge warring in a warm water bath 40C) for 30 mn.
TLC i ndi cat ¢d t wo| wel rat pd spots. St ardarg S Eract ve work up and
purification lﬁEFSGC v two gl kyl Qa conpoun e ? fnbi hed yield: 0.7g;
709 . TLC Rf—-6- ar‘d O-+4-—{ 2BV -OAeHhRexan —t+o—3—Fhe{ product of step 2
was stirred with 9(2() and 10 l\/gBrZ CEt2 (1 X) |n CH3CN for a
day. The redcts'r_on m s fuenchagh 535.9901

5G ' "j\l 198-203 -
%
N
5H ‘\:g%T 205-210

Exampie 6
~

H NJ\|
K/ R
co” : NU e

0
Step 1:
3 CN
CHO
O HN\_/NBOC N
F1CO — . L_NBOC
5 26 Ti(QiPr)y / EtAICN 27

™y
1) NaHMDS / Et-| ’©/\NJ\
FoCO _NBsoC

2} Na{OAc);BH
MgBr; : Et20 / CH3CN 28a. (5,5)-Diastereomer
28b. {R,S)-Diastereomer

A mixture of the aldehyde 26 (3.9g, 20.5 mmol), the 2(S)-methyl-N-
BOC-piperazine (4.1 g, 20.5 mmol) and Ti(OiPr)4 (6.1 mL; 20.5 mmol) in 40
mi of CHaClo was stirred at RT for 24 h. Et2AICN was introduced and
10  stirred for an additonal day. The reaction mixture was processed as
described before to obtain 4.71 grams {58%) of the cyano amine 27 after
FSGC (TLC R;= 0.45/0.5 for diasterecmers seen with 25% Et2O-hexanes

as solvent).



with water, the organics were extracted into Et OAc and processed tojopggef 703
0.8 grans of crude product. FSGC (25% Et CAc- hexanes) gave -0.4 grans of
each di astwiosressss( conbi ned yield -100%. TLC Rf 0.55 (2%ernmooni¥3Ans
(28b) in 25% Et CAc- hexanes. 15 to 4: Conpound 28a (S, S-di ast ereoner) was
processed through the wusual 5 step sequg@ce to conplete the synthesis of
conpounds of Exanple 6, 6A and 6B with an ipso-nethyl group as well as

Zogpog{gdg ng\ ;%D%éa&q@ rlné}&lhét*ﬁ d.ﬁfa%.d&(tawla gwyllw‘-asladbeléxfo%é@m.&ws MH+

CH3 H 6(]—|N2259§3741m%5¢“¢0°|)\ln613¥|| fﬁsg?@dm & dfiict%éa@ewﬂﬁmﬁ \/\?5%@'0/ 66558
-30 PCT/ Usod ﬂe’lmih agmt yellowT Selutipn Wesstreated! witnQelyOtis| (1.6 mmol,&1.8y| or

ey a subst | ¢ ufl T E‘fﬁf&ﬁe@%ﬁéﬁ%ﬁl‘%ﬁ S a6 13k BAfniatsliiy E0RMERHLS 1%
to obtaing hetéinpeﬂaftmefocostmlmrfaﬂ@vmmpgedﬁe ehanbiraiol ®warinanater bath or nul a:
N.) (40°C) for 30 min. TLC indicated two well-separated spots. Standard
extractive work up and purification by FSGC gave two alkylated compounds
(combined yield: 0.7g; 70%). TLC R;=0.6 and 0.4 (25% EtOAc/hexanes).
Step 3: The product of step 2 was stirred with NaBH(OAc)3 (2x) and
10  MgBr2:0Ets (1x) in CH3CN for a day. The reaction mixture was quenched
with water, the organics were extracted into EtOAc and processed to obtain
0.8 grams of crude product. FSGC (25% EtOAc-hexanes) gave
~0.4 grams of each diastereomer (combined yield ~100%). TLC R; = 0.55
(28a) and 0.45 (28b) in 25% EtOAc-hexanes.
15 Step 4: Compound 28a (S,S-diastereomer) was processed through the
usual 5 step sequence to complete the synthesis of compounds of Example
6, 6A and 6B with an ipso-methyl group as well as compounds 6C and 6D
which lack the ipso-methyl group:

o NJ\ .
co’© K,NJQq m,nz

0
Ex. R6 R2 mp (°C) MS (MH")
QO
HaC N
6 CH, ] 204 549.5
CHg
C L
N
8A | CH, Y 253 589.4
I
68 | CHs N 260 534.4
CHsy
H
b
6C H N 225, 520.4
CHs
C F‘O
6D H Y 215 575.4




1-11 wherein R8 and R2 are as defined in the table: Ex. RBRRMp O HR\VES 1 NG T 2003
7H3CS02-' T220-225498. 2790 7AH3CS02-212-215519.2197 B19 d 70 ( 604. 2861
ec.) 7Cl7Qo(ddRR6sss 625. 2246 70170 (dec.)605.2799 NHZ 7E) (~, NHZ) 609 170
(dec2540 .. F I'F 7F0z200 (dec.)612.2336 CI C ~ 7Go2' 158 (d&d/Y$HaA163235
7HH3Cy CH3514. 2847 H3CSD2- NON197 (dec.) Jfsxanple 8 F3C 10 2 1 OC T 2003 WO
00/ 66558 PCr/US00/ 11632 -31 to 1: A solUtion of the product of Exanple 4,
step 4 (1.25g; 4.6 mmol), N BOC 4-piperidingne (0.91g; 4.6 mmol) and
(Ti(OPr)4) (1.4 m; 4.6 mol) in 1E¥AMBle &2 2 was stirred at anbi ent
tenperature for 24THe syritResiteAToniibuRdsiwititam@ikyl be aryIE8R6 mgﬂauﬁtéﬁl CN
(5.5 mM; 1 Mgolution i1.n 5.t |éle.%) and stirring continued Tor 20 h. The
reaction m xt pé)a\l;%gomtlp[]tsé@lge with' the corresponding para-substituted
acetophenone which was treated as in Example 4, steps 1-6 to obtain the
5 sulfone containing compounds of Example 7 havng the formula:

) o

Nmrgz

o
wherein R8 and R2 are as defined in the table:
Ex. R8 R2 Mp (°C) | HRMS (MH")
7 H3CS02- - ; 220-225 498.2790
7A | HaCSO»- °:(E2 212-215 519.2197
T | O
7B g, » | 190 (dec.) | 604.2861
7C z : 1 L TMHa 178 (dec.) | 625.2246
/
7D g :$ 170 (dec.) | 605.2799
NH,
7E 8, KO’ 170 (dec.) | 609.2540
7F 8 @ 200 (dec.) | 612.2336
O, | g
7G g 158 (dec.) | 644.1735
7H H3Cw/'\,CH3 514.2847
H3CS02- NN 197 (dec.)
Example 8

10

Fﬁ/d Nkj}lbq XJ




with EtOAc and stirred with saturated NaHCO3 sol ution (10 min.) and2thET 2003
| ayers were separated as nmuch as possible. The turbid (frominseparable
aqueous | ¥OrY/66858ani c | ayer was treated with excess celitepartisobhiased,
washing the filtercake with EtOAc. The filtrate | ayers were separated and
10 the organic | ayer was washed with wat&1 and brine, dried over anhydrous
MyS04 and concentrated to obtain 2.16g (98% of an anmber gum Ste 2: The

Strecker ani ne&@m A siutior( & the Prodadt of BeahprY | stefWy(1T28y; 4 Qﬁh@ib in an

1°h, "the Toe ba ek Hietdionle g 459@%&639%@% gl B Sahenn

m xture was stinryCarl of CREGIpwas Stirredias ambient tammtumednc Bddh. W‘xeh
sat ur at . \HGh gy ie ok il dr Wt 1, ARSK P 4 8B 8120 2

Concentrati on gave ow gum whi uri'f
el uting thé ndpiiens) @@dcﬁtlrmgoﬂtmadrfor 20l '&helre‘pcmon rm:HUtswag dilutad 1

m xture of CH?ﬂtl?EE@@eCandTétﬁrddQﬁ% ﬁﬁﬁ.ﬂdﬂedcﬂ Qxﬁegsmﬁoh IPbHiPD Afd He
yel | ow gum (1. Et 20: hexanes. Step 3: TFA (6

85 in
m) was added '@bgfé éﬁﬁ%ﬁa@fi Wushéémssmiesﬁaﬁ turpid (gm Ir@e@amje) in
10thm 101;\| (N:l;égl Eyrsedisgayer) ecgaarﬁc %eﬁvia@rtr&tbd vmheek@%s:éb d:élﬂe\é\f[hii filgreac hesl
Wi =9 se extra n_into
CH2Cl 2 to obt a¥® qﬁé?ﬁSe ﬁ?e'%?g%l %‘8{?& a?lg—%%%gﬁ rfSS%éeéPﬁ'q}Ac
renoved aliD t Hbelasganipdayar waspwashedwithrwiater addebrinealdniadomvervarﬂiydi@% CH3H |
i CH2CI 2 and ig8a and eéibehd® ottt $TaBaGHR%L] dfan %@r %n‘?d to the

I sol ation of the free piperidine as a yell gum(1.07g; TLC Rf =

0.2 in 10% cH&epE:pthe Streckey aming fs@mu&te@ﬁ @1$%wa$d¢ﬁ$@ﬂvaﬁlnsdrepTI3F

- (1.03g; 2.8 nmuuoled ih dn ibentdthand tashted aidh 0H§N§Br(t7(5)n-ﬂ&,a MG oedn in DEC
L

o8 6 o) ROK s 1t e ioe helin WP 18R Bl AR Bl Boprogdit B, (1 on
m xture wd§ direattizh mittareChasklrrédat AT for 18hs HElte néadtionalvas quéfthdaHCO3
solution and Riitfigaturi1en m@gﬂ%dﬁnﬁau&@m&ﬁm&; 8Ad %&tlﬁ&%&e\gﬁél FSCC of

this materi al S%H ent tron wt acet one- foI | owed
by 2-5% CH3OH § 529@9@8930@ gave 22 g of dyellavg gum which wasgpusifed by | te

e T bt O
above was diss Gr € "GPEY B Wami§ 5‘ F7 &S
sol ution &O ey yeltoye guohi1 8591 88P%). HILID F; 6. Q.5rih 1ot EiZCDMmheBJ on) was added
vol a1l s ver Lé‘ﬁﬁm"’* EA'6 LS ideRa8 5 S5lon SRS bR of S1ep ebgbiny | e
filtered, wash?mmehdn APzl rarétszmredmte??ﬂcc f@ th.of he fieagtian was
conpound thus guenched with 1N NaOH solution to a pH of 9-10 and processed by \
extraction into CH2Cly to obtain 1.2 g of crude product. FSGC using 1:1 :
25 CHaCl2:EtOAc removed all the less polar impurities and gradient elution
with 10% CH30H in CH2Clz and finally with 10% (ca. 7N-NH3) CH30OH in
CH2Cl2 led to the isolation of the free piperidine as a yellow gum (1.07g;
90%). TLC R;=0.2 in 10% CH30H:CH2Cl>.
Step 4. A solution of the product of step 3 (1.03g; 2.8 mmol}, 2 4-dimethyl
30 nicotinic acid (0.42g; 2.8 mmol), DEC (0.8g; 4.2 mmol), HOBT (0.57g; 4.2
mmol) and diisopropyl ethyl amine (1mil; 5.6 mmol) in CH2Cl> (15 ml) was
stirred at 25° C for 24 h. The reaction mixture was diluted with CHCly (25
ml), washed with water, 10% NaHCOg3 solution and brine, then
concentrated to obtain 1.6g of crude oil. FSGC of this material using
35 gradient elution with 10% acetone-CHaClz followed by 2-5% CH3OH in
CH2Cl2 gave the title compound (1.1g; 80%) as a white foam.
TLC Rt = 0.45 in 5% CH30H-CH>Cls.




obt ai ned was dried in vacuo (1.1g; np. 213-215 C). HRVS (MH) 503. 39}99/” 2003
The foll owi ng am des BA-8E were prepared in a simlar manner from 10 the
product oWw@0®EESS usi ng appropriate acids, and conpounds SFpdiuseddREL N
the R8-substituent is a p-nethyl sulfonyl group were simlarly prepared.
wherein R8 and R2 are as defined in the 3&able: Ex. RBRRM CHRMS M+
8ACF3216503. 3021 NHz | 813CF3222-224504. 2850 SCCF3262 263502 3039

8DCF3: - Y216- 218521/ UHEle@E&Eﬂ&W @ Hnve v
PCTNS0011163 S15%MY BH0G e EAE %@5@@6@@%%%83 Beaesss -0
250- 255528. 1h9drogerBehlORGLin EtAD 28.3- P 65 261M S6tiGH) Wasﬁﬂﬂéd:m 2439

SM CRIBr =1 FiJnidg o whind prociprats, AtterSirfing at 23¢ Lot 1h- the volatiles were

5 removed in vacuo. The product was suspended in Et,0 and filtered,
washing the filtrate with Et20. The HCI salt of the title compound thus
obtained was dried in vacuo (1.1g; mp. 213-215° C). HRMS (MH*)
503.2997.

The following amides BA-8E were prepared in a similar manner from
10  the product of step 3 using appropriate acids, and compounds 8F-8M,
wherein the R8-substituent is a p-methy! sulfonyl group were similarly

prepared.
g ¢
N.__R?
T
o)
wherein R8 and R2 are as defined in the table:
Ex. RS R2 Mp (° C) HRMS (MH*)
8A CF3 : ; 216 503.3021
NH,
8B CF3 : ?H 222-224 504.2850
8C CF3 : :; 262-263 502.3039
8D CF3 : :NH 216-218 523.2466
5 2
8E CFa \H,\L? 210-212 519.2970
8F | -SOCH; ol ; 201-205 512.2055
[+
8G | -SO,CH, t /fi 217-221 533.2355
2




Br 80- CF3215-220522. 2507 Ci 8P- CF3208-212566. 1987 Br 80- CF3lI 1.0CT 7003
C1190- 194586. 1442 Br 8R- CF3Cl1255-257526. 2243 F Usi ng procedures desc?i beJ
fol |l ow ng e, conpounds 8S-8EE of the structure F3 re
pr epar ed, o gor’&eé% R' is defined in the table: 2 1 OCT 2085%%@/’%558 34
EX.RiIIM CHRVM5 M+ 8S- OH210-220518. 29943 2xHCl sal t
8T- OC( O) NHCH2CH3205- 210589. 3374 2xHCl salt 8U OSQ2CH3165-171598. 2757 2xHCl
salt 8VN+~. k8992845953254 2xHCH—satt T 8WEHEB8=92530—2985
8X- CH=NH OCHI3202-|205559. 326D 2x alt [8Y- CHF2>2£5 (dec) 552. 3020 2xHCI
salt 8Z-NH (XC%E H- Gy 2114- 2. It BAf-MNHR2- 98517. 3154
0
6.

3521 Agiidg < :
BBB- NHSO2CH; 5. ITT600 378 2xHel salt 8O 213 217630, 9849 dxHO sal t
8DD- Ol 235- 23 2663pxHO | sakt 85D B 2345241880] 2141
|
2

8J -CF3 C'Q 950-255 528.1791
Ct
8K -CF3 C'\QC' 223-226 576.1562

8L -CFa F\@/F >245 528.2439
F

aMm -CF3 B’\@/F 176-181 570.1739

8N -CF3 Bf\QB’ 218-223 708.0040

Y

80 -CF3 \© 215-220 522.2507
Ci

8P -CF3 \Q 208-212 566.1987
8r

8Q CF3 Q/C‘ 190-194 586.1442

. Br

8R -CF3 C‘j@ 255.257 526.2243

F

Using procedures described following the table, compounds 8S-8EE

of the structure
jeas :
FoC k,N\b R
N
o]

5 were prepared, wherein R" is defined in the table:



2xHCl salt PCT/ US00/ 11632 8S: The tri-hydrochloride salt of the produjcg chfI 2003

Exanple 8, step 3 (75 ng, 0.16 mmol), EDC (61 ng, 0.32 mmol), HOBT (49 ny,
0. 32 mvol )woigdsedsst (0.16 nm, 0.96 mml), and PCT/US00/11632

2, 6-di nmet hyl - 4- hydr oxy-benzoic acid (53 ng, 0.32 mvl) were taken up in
CH2Cl 2 and stirred at 25 C for 20 h. The3s$k- sol uti on was concentrat ed.

Purification

via preparative TLC (Et OAc, S102) gave the title conmpound as

a yell ow oil
C29H3902N3F3

TP ( Z2XHACH —Zatt)—210-220 . C R Garqd. for
Ex18 2994: Fﬁiund 518 Mpl Crr J‘iﬁ%ﬂeﬂ ? d. 19 mol ), et hyl

| socyanate (
up in CH2C12

D.&5 m, 0.58pml ), and21B:ZN (. 135173,29@.755 nmol ) were taken
and stirred at 25 C for(2xH@sd8 h. The sol utiorn was dil uted

with CH2Cl 2
filtered, an

Angh- WAS| ' NapPH20B+H1 Cor gani ggb ey wag dried (Na2SQ ,
jn&n:ewg(?’gsﬁcmp%{#?f clasHi@msalyi & preparative TLC (2/1

Et OAc/ hexane
ng, 0.48 mo

5, il [02) Q¢ t title 168mmung as ow dil. 8U 8S (250
)8,§n“et han?gﬁ’?%hw aphpeGidst) (P50 5%6?%24 15 mmol), and NaH

(38 ng, 60 w
The sol ution

organi c | aye
00/ 56558 -35

02\, Nj Ol Jtaken up1ep-204E pnd LI at | 26 C for 20 h.
BY i | ubsA WNTORt OAb (@pdbress hbd (5508, 2 NabCCB. The
WasS[arted{INa2Soa), 1T I Lered, gnd ratgd. 21

81 |15y 1 TEABOBLr L ¢ b oy BSOS o) &Luc (11

Et OAc/ hexane
8V: The tri-

5,88 O geMenNthecHtl e| €8 df as §59.@260w oill (280 ny, 98%.
hvdrogphloride salt of |HexH{siealhcr of Fxanple 8] step 3 (50 ny,

0.1 mol), E
m, 0.4 mol

DGy 3B Ny, Qciypmol ), Hee#5(@echy, OsZomeeb). ijPr2NEt (0.07 5
and 2. 6-dinethyl - 4- [ 42xi@ saly| | N- oxi de) - benzdic acid (73 ny,

0.3 mol) (s
25 C for 19

Sy ORI hegddi2tiBen| up 12 dnd stirred at
w%#h egglgsfdtb?gﬁp %l;?%“o P, 588 358Y L

TLC (211 ace

ndextiGisadd; Purificationjvia preparative
ﬁﬂ%’ hexanes a3l 02) ga
rJI el 2 1 HE |

Prepar ati on

benzoirc_acrdl]10 Pd(PPh3) 4

- al yel §pwaqkh (23 ng, 399).
o et I ! y L di @Q%ﬁpTBGHZCi c acid (8 7 g,

NaOH Me02C 0| 8BBTf 20-NiS0,BH,QEBen}
34 mol ; Thepr—S—t—et—at—3ot+reat——o can—Chrentrcat—%$oci ety 1985, 50,
1867), Mel (BBE2C M, 51 mfl), and 7 9,5230.28681) Jere allowed to
stir in DVF gt
. 235-238
8DD Cl (2xHC) sal) 536.2663
. 237-240
8EE Br (oxHC! san) 580.2141

10

15

8S: The tri-hydrochioride salt of the product of Example 8, step 3 (75 mg,
0.16 mmol}, EDC (81 mg, 0.32 mmol), HOBT (49 mg, 0.32 mmol), iPr,NEt
(0.16 ml, 0.86 mmol), and 2,6-dimethyl-4-hydroxy-benzoic acid {53 mg,
0.32 mmol) were taken up in CH,Cl, and stirred at 25 °C for 20 h. The
solution was concentrated. Purification via preparative TLC (EtOAc, SiO,)
gave the title compound as a yellow oil. m.p. (2xHCI salt) 210-220 °C.
HRMS (MH") calcd. for C,H,,O,N,F, , 518.2984; Found, 518.2997.

8T: 8S (100 mg, 0.19 mmol), ethyl isocyanate (0.05 ml, 0.58 mmol), and
EtN (0.13 ml, 0.95 mmol) were taken up in CH,CI, and stirred at 25 °C for
16 h. The solution was diluted with CH,Cl, and washed with 1 N NaOH.
The organic layer was dried (Na,SQ,), filtered, and concentrated.
Purification via preparative TLC (2/1 EtOAc/hexanes, SiO,) gave the title
compound as a yellow oil.

8U: 8S (250 mg, 0.48 mmol), methane sulfonyl anhydride (250 mg, 1.44
mmol), and NaH (38 mg, 60 wt% in oil} were taken up in THF and stirred at
25 °C for 20 h. The solution was diluted with EtOAc and washed with sat'd
NaHCO,. The organic layer was dried (Na,S0O,), filtered, and concentrated.



25 Cfor 17 h. The solution was filtered and partitioned between Et 201 g%lﬂm
15 water. The aqueous |ayer was extracted with Et20. The conbi ned Et20

| ayers wer WOR®as8 wi th H20 and brine. The organic | ayer wascdrnisao1163ySG ,
filtered, and concentrated. Purification via flash chromatography (10/1
hexanes/ Et 20, SiQ2) gave 8.6 g (94 % of 3bhe nethyl ester as a colorless
oil. 20 Step B: The benzyl protected phenol (8.5 g, 32 mmol) and Pd/ C (750

mg, 10 wt % Perifisgtien Viksephpative THESCH1 EIOASREXENEY) SO gl weditid th 50
The sol uti on was

1?;5: tsrzegm(joz|h%5&%*%6’?&%%&?3?‘?&?@553@%‘3‘;’) ?9];305/@ 13? t he phenol as a V\:hl te
ﬁ% : ;j ﬁgr eSt glsg Tha‘n@mnwdrécgal&uge sé@oﬂthmpio)du&ﬂgl;] ERQ% 8(&19 pB B0 AtY m
252 oty was el EBGEThE, G2y, e iEz g 2 e 5 ﬁ’%ﬁéﬁ? "

war ned to 25 mfaﬂd smaly, amdaa Stdmethyeﬁp(d&wnd}éN-oxldé)-&ehzorﬁr&crd;()T.?umg)n was

Pave %‘éﬁ%“ﬁ?@?%%%“@%@%@%?%@?%% SR ARy 1763

-36 extracted?2 Hocﬂ@d:l 2Thergeluliontyascepnneqdiated. Rusficatipn wadreparativer

Na2SO4. Filt r?LCOOTZ/ﬁ'&@eWn@E' S{o 9?&99@\3&@&%0@\{ il 523" intiq 88%).
Purification via sh_chr ongt_ogr aph anes/ 0 gave 5.7 ¢
(94 % of thetrlf JERa;Ion Q) .0 QIneinyi-4x Q g, 3.2
mol ), 4-pyridy oli ¢ ac d (1,2 g4 Pd( PPh3) (370 ng, 0.32
mol ). and NaZC&Sé)(:{;*\ Gﬁﬁmﬁ" e,n_f“q)ap_d’f?..n A 41 11025 ).
The sol ution was hedt¥d aan 90 C (oil Brunggr N forl e sol ution

was partitioned between Et OAc and H20. The aqueous l'ayer vvasogxtract ed

with Et OAc. The conbi ed Et r|e (Na2SQ,). Filtration
~and concentrat i ¥a0 9"4 G 4o yon vi anEPBAsSH

chromat ography (3/1 s/ Et Qi h§| ) gave 77 100~9%— of the
pyridyl derivative as an” orange 0|I Step E: The pyri derivative (390

ng, 1.6 mmol) and nCPBA (550 ng, 3.2 mmol) were dissolved in CH2Cl 2. The

solution was stiM 25 C for 15 1&8KC solution was diluted with
CH2d 2 and washed w ~NaOH. NEQ® or ganj ayer was dried (Na2SO4).
Filtration and concentrati{ grh_gave 2400 ng (97 ©of the N-oxide as an
orange oi 10 HRVS (MH*) cal cd for C15H1603N , 801130; Found, 258.1131.

Step F: The ngid %B@hzﬁié@@Z@dlﬁetﬁyrﬁ@iﬁolwéld(@k‘ﬂ 898 mrop THea?©.3 N 20
NaOH and 2 m ef) %umai otf}ﬁe A)g}:éaonnc m:ca aéoc.-et% 9r8% X1 ég‘F) 'ﬂl)elrlS he
ml, 51 mmol), and Cs,CC, (17 g, 51 mmol) were allowed to stir in DMF at
25 °C for 17 h. The solution was filtered and partitioned between Et,0 and
15 water. The agueous layer was extracted with ELO. The combined Et,O
layers were washed with H,O and brine. The organic layer was dried
{(MgSO0,), filtered, and concentrated. Purification via flash chromatography
(10/1 hexanes/ELO, Si0O,) gave 8.6 g (94 %) of the methyl esteras a
~ coloriess oil.
20 Step B: The benzyl protected phenol (8.5 g, 32 mmol) and Pd/C (750 mg,
10 wt % Pd) were taken up in CH,OH. The solution was charged with 50
psi H, and shaken in a Parr apparatus at 25 °C for 17h. The solution was
filtered (Celite). Concentration gave 5.6 g (98 %) of the phenol as a white
solid.
25 Step C: The phenol (3.5 g, 19.4 mmol) and iPr,NE! (3.76 g, 29.1 mmol)
were dissolved in CH,CI, at 0 °C. Triflic anhydride (T1,0) (4.2 mi, 25.2
mmol) was added dropwise to the solution at 0 °C. The solution was
warmed to 25 °C and stirred at that temperature for 4.5 h. The solution was
diluted with CH,CI, and washed with sat NaHCO,. The aqueous layer was




sol ution was concentrated. The residue was treated with conc. HCl _ TAdCT 2003
resulting solid was filtered and washed with water and bri ned After drying
under hi the free acid (377 ng, 100 %9 was obtained as a tan

sol i d. mgrr}"@@giyg% (deconp). HRVS (MH) calcd. for C'H' QO3N, PRA/GRNIDGT 4,
Found, 244.0981. 8W The tri-hydrochlori salt of the product of Exanple
8, step 3 (1.34 g, 2.8 mol), 2, 6- dlnef I-4 fornyl benzoic acid (500 ng,
2.8 muol) (see preparat|on bel ovv) 19, 5.6 nol), HOBT (760 ngy,
5.6 nmol ) andextagtegwitoCHL.C zli‘heammbmdeorgamcekavecs were tined bxedar d

coupl i ng condjgi 502, Fnﬁ?’atlﬂﬁérftdlEahb@ﬁ‘tré{i/%ng?@g@&t’:l‘ﬁ@é OpliRa (2/1

h | Et OAc av as a oam
P(ra)égg(ra; i on OPUEJ'Q?‘@ % ﬁ?ﬁ th‘g% die/ 1a&96an9§@@§109 gave|brPas) 4

t 10 tBy uga %Tfom-;éﬁmh\é @@ Ilowbal03 2. DM5 nBu3Sn_ tButy|0204 TFA

56,20 0 S4B G il i et 31 3 99 )
IPrEZSNﬁt (5 6 Bd(RRh,)(GrD m@r@SEahmvlnrandwéam . gng.eoamlofdverte tagkglﬁ L![p;n; ﬁo
oo stiFred ol VMEMD AEREES RIE" e sdidh Wé% Ao .8 o el Bai

NaHCO3 and oﬂdomahheﬂmqs@uugn mascpaititionedttedeeed EH0AT MrH,Q. Th‘Eﬂe

conbi ned orgaétylfed@wsyér WES exftabRid \M}’gg G, fh CoRttinsy ggtgAE?%E”t ration

gave a brqown oil. Pu tlonwa rorraorah
hexanes 18820, wefeody %%&% Fiitration Wdcﬁoﬂqwtftaltlpﬂ Qaélﬁeﬁ arkbrpwin @ily sol i d.

Step B: The tPinfficattion(a ﬂasliﬁhfﬁmét)og apRY géﬂ r?éicaﬂmes?@tm@m YHVePRA) 4 (340

i k
e P nder. oR6e8 %) P i iedvarlveiad 2 adnge Ol )Thﬁeéﬁl oL

partitioned H2tepdenThe PycidphdesativeB90Tg, tisuwnmal) and MCPBr (%0 e |
3.2 mmol) were dissolved in CH,CI,. The solution was stirred at 25 °C for
15 18 h. The solution was diluted with CH,Cl, and washed with 1 N NaOH,
The organic layer was dried (Na,SO,). Filtration and concentration gave
400 mg (87 %) of the N-oxide as an orange oil. HRMS (MH") caicd. for
C,H,.O,N, 258.1130; Found, 258.1131.
Step F: The methyl ester (400 mg, 1.6 mmol) was takenup in 5 mlof 3 N
20 NaOH and 2 ml of EtOH. The solution was heated at reflux for 20 h. The
solution was concentrated. The residue was treated with conc. HCI. The
resulting solid was filtered and washed with water and brine. After drying
under high vacuum, the free acid (377 mg, 100 %) was obtained as a tan !
solid. m.p. >225 °C (decomp). HRMS (MH") caicd. for C,,H,,O,N, ‘
25 244.0974; Found, 244.0981. |
8W:. The tri-hydrochloride salt of the product of Example 8, step 3 (1.34 |
g, 2.8 mmol}, 2,6-dimethyl-4-formyl benzoic acid (500 mg, 2.8 mmol) (see ;
preparation below}, EDC (1.1 g, 5.6 mmol}, HOBT (760 mg, 5.6 mmol) and
IPrNEt (2 ml, 11 mmol) were subjected to the standard coupling conditions.
30 Purification via flash chromatography (2/1 hexanes/EtOAc, SiO,) gave 898 |
mg (61 %) of 8W as a vellow foam.
Preparation of 2,6-dimethyl-4-formyl benzoic acid

oH ) i Ot

nBusSn

B
o L ey e
Z  2.0M8 cHO

CHO




organi c | ayer was separated, and the aqueous |ayers were extracted wi 2/ 0CT 2003
Et OAc. The conbi ned organic |ayers were dried (MJSQ . F|Itrat|on and 15

concent r atw@go/ga¥e¢ a yellow oil. Purification via flash chrg ?1{3]%’
(20/1 hexanes/ Et20, Si Q2) gave 1.96 g (57 %9 of the olefin as a yell ow
oil. Steg C The olefin (0.6 g, 2.6 mml ) 3yas taken up in CHZC JMeOH (111).

The IsoI u'éi OE \Q/as coo: ed to -78 C. Qzone was bubbl ed through the solution
e e e g St P
ankoil St ep DMmak andrlPrleEMIS &gt 48 Nimdl) were taken wpoh CHLUA, a‘rEAc()decHtt) wer e
2
Laken, 9P 11 CUPE. 2reoiss i Sinithof s Adled ol ECRiamd Bro ¢,
H2NOMe- HCI (2ssﬁlglt#00veasmm91 at ﬂa@o&@r 332 Thy sohitios mpanmf\edtt@t\eﬁenp in
Concent 150 5 SNSRI H, e sl iy SO Sy,
aqueous | ayer %'aegﬁgwﬁﬂavﬁm@ 'ﬁfg '{QE%B} }?_gm@tljﬁhﬁﬁ Iayers wer e
gL :’ Ie:]glI f: *???bcoﬁéﬂtrﬂbmgaw_ﬁl_ b36wﬂ/cmlce|nmifadat:on Vi fiash g?{)m-? ve AH80(201 1 (84
% of 8X. 8Y: h%égrﬁ$£é??% @P)Ié?‘f%z aﬂh@é‘facpf ﬁé{’:‘l&‘%ﬂiﬁa%% y§%§ zg ,ngstep
3 (75 ng, O.15temB! )Tmtﬁﬂatell(ﬁ gudﬁcmmolﬂyLQ (6a5|gre3mmmm1¢radththl(3l4Q 32
T i ) Sl @rBa g P iy PCE ), 50k blld3glhih 8B THe
hexanes/ Et QAc, UsHen,.gibe Soqugwewe@aed)at’eg dor 1©hT Theoselutien was66358
Pcr/ US00/ 11632 aﬁﬁioﬁégwtaeﬁrewfwam &hwmvhawux&r@m@snmfelwa lrpazoi c

acid |)amnoj - I Bi s(2-rr~et hoxyet pe(dz %#bgl 02C0 t\{l J xtractedo‘wnh
NHC(O) CF3 F ~ SPER" aveéwa GHg® apup }59 5 Were ¢
[ bi s(2- net hoxyEt(D&b) amemdmbmeldfmrgahlc Ibyesr wde drietD(MpSOR). SFiltration,arahd Et OH
for 6 h antP ar cTRckatalfBiasd 4 5BloWyr PudelbR B AR nfeeRbldds el cs ©
The aqueous | ahexanesiEt,Ox SiQgtgaven 86 WP of The otedimAs @ yelowaiii c | ayer s
were dried (Nag{dh e: The olefin (0.6 g, 2.6 mmol) was taken up in CH,CL/MeOH (1/1).
The solution was cooled to -78 °C. Ozone was bubbled through the
solution until a dark blue color persisted. The reaction was quenched with
20 dimethyl sulfide. The reaction was concentrated to furnish the aldehyde as
an oil
Step D: The tert-butyl ester (650 mg, 2.8 mmol) and TFA (3 ml) were taken
up in CHZCIZ and stirred at 25 °C for 19 h. Concentration of the solution
gave the acid as a beige solid.
25 8X: 8W (100 mg, 0.18 mmol), H,NOMe-HCI {28 mg, 0.34 mmol), NaOAc
(32 mg, 0.46 mmol) were taken up in MeOH. The solution was stirred at 25
°C for 17h. The solution was concentrated. The residue was partitioned
between CH,Cl, and 1 N NaOH. The aqueous layer was extracted with
CH,CI,. The combined organic layers were dried (Na,SO,). Filtration and
30 concentration gave the crude product. Purification via preparative TLC (1/1
hexanes/EtOAc, SiO,) gave 85 mg (84 %) of 8X.
8Y: The tri-hydrochloride salt of the product of Example 8, step 3 (75 mg,
0.16 mmol} and 4-diflucromethyl-2,6-dimethyl benzoic acid (32 mg, 0.16
mmol) were subjected to the standard coupling conditions (EDC/HOBT/
35 iPr,NEt). Purification via preparative TLC (2/1 hexanes/EtOAc, Si0,) gave
64 mg (73 %) of 8Y.



Filtration and concentration gave the crude product. Purification vi 41 OCT 2003
preparative TLC (10/1 hexanes/Et20, Si02) gave 210 ng (50 % of the

di fluoro dwayﬁ%jsﬁi. nSt ep B: The tert-butyl ester (210 ny, I\E%%{,Ug%k and

HC (2.1 m o di oxane, 8.2 nmol) were taken up in
solution was stirred at 45 C for 20 h. e solution was concentrated to
obtain the acid as a white solid. 15 8Z: The tri-hydrochloride salt of the

product of Exanple 8,_ step. 3 (Efl 1. 7h )
4-[ (et hyl am no)carbomm#é—gﬂﬂmd m&g&gﬁl@@é—% z Clgy, 1.7 mmol)

(see preparation bethﬂgb &e sub[mmaﬁbtﬁo@ydtﬂwarahapda p |ng condi tions
( EDC/ HOBT/ i Pr 2NEt ) i2
20 a

hexanes/ acet one, Si02) g (811fu9/9nﬂm:fnd82 as epar ati on
of 4- eth (am no carbon | am no -2 6- di rreth I ben20|c aC|d Y, "¥ NHC(O) CF3

1) McLi  NH2 1) (CF3CO) 20 2) sec- BuL B 2 1 3) Boc20 sul fur
trifluoride NaOH I HHY HC 0O HA step A- 3,5-Dinethyl aniline
(18.5 m, 149 mml) was taken trp—l'rr’CHZ fle solution was cooled in a
wat er bath Trifluoroacetic anhydride (29. 5 & m, 209 mol) was added

lowly to th Y et hyl
?sgcygnage 2(1a Ogge\%@%?fjgégggzmgg{z ?BQO@?‘%WHVEWJ&W@ st?rrgd
at 25 C for 1Sulfuntiiflueride (649 ma. 279 snmpl), mambwoom G84ama)okete to t he
sol ution vﬁu | gaka apaI@JdiwuérbetrEﬁmae&mbéa bt 68h€ fopelnandat zsscsrbr Rged at

[0)
Izgygr f 3/:13 éxt P'acir aﬂ‘ﬁ’t’ é{?@nsz%a%c%%gwg m%bo / ﬁ%gﬁgeayé] %seglrjised
(MySO4), treaeattavtadwitle OH, &1 edr rtmcdmbmed organic layers were dried (NaSO,).
Filtration and concentration gave the crude product. Purification via
preparative TLC (10/1 hexanes/Et,0, SiO,) gave 210 mg (50 %) of the
10  difluoro derivative.
Step B: The tert-butyl ester (210 mg, 0.82 mmol) and HC! (2.1 miof 4 M in
dioxane, 8.2 mmol) were taken up in MeOH. The solution was stirred at 45
°C for 20 h. The solution was concentrated to obtain the acid as a white
solid.
15 8Z: The tri-hydrochioride sait of the product of Example 8, step 3 (811 mg,
1.7 mmol} and 4-[(ethylamino)carbonylamino)-2,6-dimethyl benzoic acid
(400 mg, 1.7 mmol) (see preparation below) were subjected to the standard
coupling conditions (EDC/HOBT/iPr,NEY). Purification via flash
chromatography (1/1 hexanes/acetone, SiO,) gave 803 mg (81 %) of BZ as
20 afoam.
Preparation of 4-[{ethylamino)carbonylaminol-2,6-dimethyl benzoic acid

NH 1) MeLi
\Q/ 2 1) (CF3C0),0 QNHC(O}CFS 2; saec-'BuLi
Br

2) Bra 3) Boc,O
NHC{O)CF5 CuCl
NaOH
tButyl0,C . tButylO,C ethy!

isocyanate
H H H
NN

NYN‘/ HCI Y~
tButylO,C o HO,C o

Step A: 3,5-Dimethyi aniline (18.5 ml, 149 mmol) was taken up in CH,CI,.
The solution was cooled in a water bath. Trifluoroacetic anhydride (29.5
25 mi, 209 mmol) was added slowly to the solution. After the addition, the




and filtered. Concentration gave an orange solid. Purification via 21 0CT2003
recrystallization (hexanes/Et20) gave two crops (34 g total, 77% of the

brom nat ed wigbi/sedss ve as a white solid. Step B: The aryl brqipdgs , 57
mmol ) was taken up in THE and cooled 10 to -78 C under N2. JOHG:&

Methyl lithium LiBr (54 ml of a 1.5 Msolyggion in Et20, 80 nmol) was added
slowy to the solution at -78 C. After 5 mn of stirring, sec-BuLi (62 mnl

of a 1.3 Min cygl ohex add show v t t he action
solution at - @OnAW?ggﬁgeﬁ%ﬁEggbzfp\-pﬁgwpu%%ca$g)5wé?e(9(32§'.|’ b‘{ %%' nmol )
sy ta thens
in THE was addeab addedhel ta thensalutiory @ hilz mMidintanhgthe RTwatdrbathr e t o 25
C. After 30 m | kX% td 4yl Wﬂ.{-}r and
CH2Ci 2. The a&&&%@e‘féggﬁhe\gs% t g(jt Er:géf gﬁ\n ?ﬂ@d@aﬁ%\?\ga§h%te£@ﬁ ?ne organic
layers were drli03d Naygga). ) Theranueaus ayeawas exsiactad with idn,CGdavEhe yel | ow
%?IOIZ? gz\eésggq%mmr?%%b%éﬂg?%ﬁ?tert?gg(?wbgg‘g%éaz%eg@&gﬁ of -V\Eléte sl)lzi, d
Step C The tiandTiliaredaGoneantiation gaye an orangs Solida Pusbsrtion wag. 62 ol )
vere taken up rpérybRifidatior (héxdrids/B0) Badé ado arofd(3A § t6taB #7%)T8kthesol ution
was partltlon%%l betwegn CI\;|2CI 2_and W&;eri The aqueous |ayer was extracted
with CH2Cl 2. %"‘EE%B ﬁ’gﬂ ?)Wfaﬁ?@‘?"?i ?@q]vere washed with 25 water and
g :1 : Ie?n (e Ngz Sg)ﬁ)su;:zﬁlsg; t The iaoyi bamtndmﬂ_c?egm,t&?amml_ ) wasdaker up ig %P/iﬁndfcoo:]étb
i socyanat ZO( O.t‘g—r?g, e@ﬁ#ﬁﬁz; ﬁ%yﬁa}%ﬂ(’ggté’%nﬁgfé ?r?m#)sg\t\dlgi‘rsg' 'bé%(f‘eettr)\’ %% in
DVF at O ' C. Tweohovar addedhalowiye thedsalutionsalC- 4 iC s Aifter Samin of stirring,
NHOL The. ad e e 1, B e o
were washed with®@AGHGD Shdioniay =/f %ﬁ/gggﬁ‘\),\g min} firy 'i-"afhg%ﬁbb‘lﬂ?ﬂ%gg? i on
ﬁave a y%lgzwwg!r‘gmol) iRUTH F g&gtadﬁ:gélg&hrg Iso%héogﬁtommrahbﬁoﬁfoh Wle 13 1 -
exanes c | 69,9 . . A sol i d.
Step £ THE ¢ AR BT o AREe 3 i e o sl 8 s deifondt 3
m )epwer et akelheopeienng\?l\iammechﬁﬂizﬁlgaffm mueanS(]afzrrwas extracted with Qﬁiliizéifn gr (
16.5 h. The s td A : d I The residue
wes partit1onag neriaiea raRAE e S eh (MISOTC FRlaRotaRd "% ot 2005
wo 00/ 66558 PcPnesminationsgave ayelloy solida Sudfication ¥ia Nashrehromatogi@hyqueous
llayer was cooliged tb01/8 HexaRgs/OM,CHi Ei®y gulé A 3craq72196) of 1hd tertlbudyl estee

aqueous Igéer was extracted w tth™ Et OAC. The conbi ned Et OAc | ayers were
dri ed (Nag%04)2S & PHMIMESPISNd  concentration gave the 400 ng (55 % of the
acid as a whi Step @:i The ¥rifRidfo-atbmnide-{hg d; 8¢ rhowil)dendhiaOH{2.6he 8& oduct of

Exanpl e 8, st %’mgl)(\r?erg’taken up in MeOH/H,0 (3/1) and heated at 60 °C for 3 h. The
solution was partitioned between CH,Cl, and water. The aqueous layer
was extracted with CH,Cl,. The combined organic layers were washed with

25 water and dried (Na,S0O,). Filtration and concentration gave 6.4 g (93 %) of
the aniline as an orange solid.

Step D: The aniline (1 g, 4.5 mmol), ethyl isocyanate (0.4 ml, 5 mmol), and
CuCl (90 mg, 0.9 mmol} were taken up in DMF at 0 °C. The solution was
warmed to 25 °C and stirred at that temperature for 2h. The solution was

30 partitioned between EtOAc and 10 % NH,OH. The aqueous layer was
extracted with EtOAc. The combined layers were washed with brine and
dried (MgSQ,). Filtration and concentration gave a yellow solid.

Purification via flash chromatography (3/1 to 1/1 hexanes/EtOAc, SiO,)
gave 904 mg (89 %) of the urea as a yeliow solid.

35 Step E: The tert-butyl ester (900 mg, 3.1 mmol) and 4 M HC! in dioxane (3
mi) were taken up in iPrOH and heated at 45 °C for 3.5 h and at 25 °C for
16.5 h. The solution was concentrated under reduced pressure. The
residue was partitioned between EtO and 1 N NaOH. The aqueous, basic




4.3 mol) and 4-anino-2, 6-di met hyl benzoic acid (710 ng, 4.3 mvol) (g€ellT 0N
preparation below) were subjected to the standard coupling conditions

( EDC/ HOSTMdrodédsss . Purification via flash chromat ography (2&tusoonissz2
hexanes/ acetone, Si2) gave 1.16 g (52 % of 8AA as a yellow foam 10 Pre

aration of 4-amno-2 6-dineth | benzoicg4geid NH2 HClI NH2 tautyl Q2C- T HO2C
The tert-butyl ester (950 ng, 4.3 mmol) and HO (11 m, 4 Min dioxane)

were taken U%V%PB‘%‘?%'%LMF‘E%%@@ Gorialier WA coRlied t 0 iy

concentrat ed aln the acl In quantitative yireld. 15 8BB: 8AA
(100 ng, 0. 1acidified)withaorg. tG(PHIF bRYI ThRIaguass(ayerwas extracted Withl ) wer e
Laken .\ FIOM! TR IO o e B S0 e g,
aqueous | aye‘-ﬁoﬂ)ﬁﬁé‘“@}ipﬂe&ac"@\&ﬂﬁ/i@ @@@%zi?ﬂ?g’%ﬁ%’u Rl Wk% I% | ayers were
g ri _eg_ ( Ngg_ZSQ%AA: Frihd trﬂhj;t!tvr@cmm_till_ideczmemm@t;brodugﬁmeEnarﬁﬁldJ?,Mpcs 249, 00
urification,yja preparatiye ) , v

(86 5 “of auhHEMPICAG BArtBozs S-gen VRGN B85 GIR md 49 it Beklhe ™
Er oduct of Epmnalraaicfn balpwp wiere Keibjectgd t0 tae stanslard souphng coodibions 6|— dijrret hyl
enzoi ¢ aci EHTOBYrifi gﬁcg] coupl e
accordi ng to(élﬁémg;@;ﬁgﬁgﬁﬁpr_dcggﬂ?é p%é@%?ﬁ%%ﬁmw&n fi (F:)at lon via
preparative exanes/acetenandis)) gaend, 160dp2ga) ef 844 as ayellgnoicegss oil (87

ng bis-Hg salt, 54 % prepBratich 8f 4mipb-Z sldit@itylbenzdig@éid | benzoic acid
NH2 NOBF4 1-F KOH Me0ZC - ~t MVBQZ(NH "17«8 -

ng, 1.1 mmol) and NOBF4 30 ( ng, 1. !
1, 2-di chl orobenzene at #BGEPOCTOf 30 min. The soHOLEONwas cool ed and
diluted with MOCH and water. A few pellets (2-3) of KOH were added, and

EI‘ Ee‘sol gé i on was mﬁgna@batyé@ggérqesb%% 43 ﬂflmdlhand@-l@lt(hwnﬂwasl\ndnncenlt rat ed.
e residue was partitigne et . ayer
wns extr ot eHCKRDR el {AReE um WEGHH: ot ARaR anad G Ror 20k RGN

aci di fi ed wi wasooncenirited(tpebtaibthe@rid® (DB mgdinguastasvediidSOd 11632 -41
1-2). T ' 1, [

r b (SRR BARTD0 WS EXO ANt biheh gav'ﬁ’;‘%%ﬂg%?ﬁ%%? oERT aeld
as a tan sol mmolgpere Wakenup Meyridine andyetirsad at 3% @ﬁ@'n%? duthe 8plutiRAnpl e 8,
step 3 (150 adGonBerditatedD Thetitdidus Wak' wartiidnatl Betvedn PenNaCGH asidd (76 ng,

0 1oL R e B ke sl B GRS ThE Bohutdl o
hexanes/ organic layers were dried {(Na,SO,). Filtration and concentration gave a
20 brown oil. Purification via preparative TLC (2/1 hexanes/acetone, SIO,)
gave 100 mg (86 %) of 8BB as a coloriess oil.
8CC: The trihydrochloride salt of the product of Example 8, step 3 (127
mg, 0.27 mmol) and 4-fluoro-2,6-dimethyl benzoic acid (58 mg, 0.35 mmol)
(see preparation below) were coupled according to the general procedure
25 (EDC/HOBT/iPr,NEt). Purification via preparative TLC (2/1 hexanes/
EtOAc, Si0,) gave 8CC as a coloriess oil (87 mg bis-HCl salt, 54 %).
Preparation of 4-fluoro-2 6-dimethy! benzoic acid

NHz NOBF, F KOH F
MeOzc:Q " MeO,C HOLC

4-Amino-2,6-dimethyl benzoic acid (200 mg, 1.1 mmol) and NOBF,
30 (196 mg, 1.7 mmol) were heated in 1,2-dichlorobenzene at 100 °C for 30
min. The soiution was cooled and diluted with MeOH and water. A few
peliets (2-3) of KOH were added, and the solution was heated at reflux for
16 h. The solution was concentrated. The residue was partitioned
between Et,0 and 1 N NaOH. The aqueous layer was extracted with Et,0.
35 The aqueous tayer was cooled to 0 °C and acidified with conc. HCI (pH =




acetone, Si2) gave 8DD as a colorless oil. Preparation of 21 0CT 2003
4-chl oro-2, 6-di net hyl benzoic acid 10 NH2 Cud 2 y~,.d KOH SCI tButyl

nitrite Mo@@GokkRBE 4- Ani no- 2, 6-di net hyl benzoic acid (172 nipcudBniap! )

and Cud 2 (155 ng, 1.15 nmol) were taken up in CH3CN at 0 C. Tert-butyl
nitrite (0.17 m, 1.4 mol) was added tg#1the solution at 0 C. The sol ution
was warnmed to 25 C and then at 65 C for 45 mn. The sol ution was

partiti oned 1BabeTHBSREOHS 1806 WEL Shraldl RN UL S16L oHBiE et ed with

E120. The d organi C ers were was
(MySO1) . Fi Iwer drigd fNaSQunc raaﬂn@mdgmmem@ttﬁﬁwe &M@ (317%e Ohtheny |
ester was hyﬁ,@lagzaegnago%escrl bed above for the fluoro derivative (KOH).

After extractlye hl oro- 2, zoi ¢ acid 89 9

was 20 obt alﬁéé :f\o l}!&pfwﬁgﬁ‘i’? 83"92ﬂ‘e WFFJ%‘OE%&?BW# 8§ %Zﬁo of the/()
Broduct ofg Ena 0318mnwdleand 4(488rova, 6—d9n&&yn?@h20|%@d:d4(716frﬂ500Z1Gnd10!ﬁt hyl
enzoi c aci see preparati.on re co

accordi ng to pg%?] r%gpn %giwre%e C{DE rpﬁgjﬁéb \%S\Aﬁﬁfqre%#{.ﬁﬁ Vi a
preparative 'I(E@QIHQBE@R@N&)’ EBnha:aﬁomea pﬁepaoatlgav'ﬁ.(BEEwemneeA orless oil
140 bi s br ono- 2. 6-di net hyl benzoic

gici d n?Butylggfgﬁ%d’% gpﬁ%{%?@'ﬂ?ﬁ@ﬁegﬁ@ Bra  HCRC OTt NE3Sn- Sne3

SnMe3 2) TFA Br Step APreparation obd.chlororR.g agi@xamet hyi di tin

(0.31 mml, 1.48 mmo NH@I (BLClng, 8.9 ol am@d(PP €171 ny,
0.15 nmol) were gGhol 1 8 2 fer—24 sol ution
was partiqig oned between Et 0 By piyite 7 er| (NH4QAC) . agueous | ayer
was extracted wt h i.ned Et I r tR, brine
and dri ed (NaZSO4)J1 Lfplifig:2. S ol A Y3 g fLO6 e L?%lé?/g @k

' stannane as &1p8Irmgwl.48mBwil) WBerEI@ﬁTuQmUGI-MD\WCBBBSgen@tylﬁmri‘teJSOO/ 11632

to B: The ar V(BI‘@ @J‘nﬁﬁ‘al@%i a@ﬁﬂhbgﬂ’agh% %Eﬁﬂ:oﬂpat' ﬁé%ﬁﬂhsoﬂ Wag Brom ne

(0.7 nm of 1 sol ution 'ution was
stirred at 0 wWAamRRd Bp2%1'G anthihesal RS dnialdS minutlde saldtiprovaspaitigngdnas hed

with 10 %sNadsetien Bt andandfer] Y ad\?éo@th&réﬁ%@ éMtrTaEte'ii WiREtD. The
conbi ned organic .| aé s were dried S The soI %3 vi%?;sl | tered.
TFA (2 m) weOmRine %a'?'ﬁéa%%ﬂsd‘t’?@nwaéw RS AROArRR My ed at 25 C
for 17 h. TheFikcdtiohiama cercarirationt gavecthe Mbthyl estatudhsasethyl ester was
hydrolyzed as described above for the fluoro derivative (KOH). After
extractive workup, 4-chloro-2,6-dimethy! benzoic acid (158 mg, 89 %) was
20 obtained as a yellow solid.
BEE: The trihydrochloride salt of the product of Example 8, step 3 (180 mg,
0.38 mmol) and 4-bromo-2,6-dimethy! benzoic acid (95 mg, 0.41 mmol)
(see preparation beiow) were coupled according to the general procedure
(EDC/HOBT/iPr,NEt). Purification via preparative TLC (4/1 hexanes/
25 acetone, Si0,) gave BEE as a colorless oil (140 mg bis-HCI salt, 56 %).

Preparation of 4-bromo-2. 6-dimethyl benzoic acid

zautylozcﬁ Pd(PPha)a tButyIOzC,Ij:L 1) Bre HOzC/~©
OTf SnMey 2) TFA Br

MeaSn-SnMeg
Step A: The triflate (500 mg, 1.48 mmol), hexamethylditin (0.31 mmoli, 1.48
-~ mmot}, LiCl (377 mg, 8.9 mmol), and Pd(PPh,}, (171 mg, 0.15 mmol} were
30 heated in THF (70 °C) under N, for 21 h. The solution was partitioned
between Et,0 and pH = 7 buffer (NH,OAc). The agueous layer was
extracted with Et,0. The combined Et,0 layers were washed with brine
and dried (Na,SQ,). Filtration and concentration gave the crude aryl
stannane as a yellow semisoiid.

—




partitioned between Et20 and 1 N NaOH The aqueous | ayer was extract%& 0CT 2003
with Et20. The aqueous | ayer was cooled to O C and acidified with conc. 10
HCl (pH = wodbissskbe aqueous | ayer was extracted with CH2O 2?&%00&%? ned
organic layers were dried (Na;S04). Filtration and concentration 'gave 100
mg (59 % of the acid as a white solid..ksing procedures described

follow ng the table, conpounds 8FF- 8HH of the structure F3C 15 Ex. R11M

Al t) St SIE0R: SIS0 Sarans o Rl s SR LRI GG A 827 *C

of the producBraJTurEx(@nf)lndCS1 Mt%rperCﬁL@Q) was addeﬂltorthelspll.am The

2, 6-dichl - &
accorijfngo'zg ?A?ne genera roce ?ggr%p@?ﬁ%ﬁw&?& ur i |cat?oﬁ vi a

preparative Tamw (ﬂ@fsbeﬁé&éhéglﬁt@g’g 510be EQHQQU%W%&’B& exteracied ¥4t oj | (27
ng, 23 N5 8C§H EheThé icaysbired o arﬁl@la%lré weke HhédRN@,GB@ h. ofhex@0MbE 8. step

3 (330 I 90 1.4
rrm()l) migsee p‘P’éggPtS ?anq‘ﬁé @vﬂ’h\)ﬁsgé‘g‘?ﬁﬂ){] &‘ ‘gﬁlzrﬂ‘?ldﬁﬁ'af Q_ft‘—fh\é’laglg
E\r ocedu;e ES qut&m HOBS "CRoR WELh. . TIEélsolbhoatwmonqarmawmr The vresidil€ wds 1
exanes t CAC 0 0
Preparatiion B?“'B°H%?‘ﬂeﬁwésﬁm$§® ﬁ&%or c %h é)g% ‘%F él%F @(‘ftEd
wherein R' i swilefEtf2d Tihe adueaussayger wad caled2098°Ghand @califissBwithzooc, - . , Ove
. OH B3 OB (piICPE ACTHISONLIR12/ 61 Wl ocabrol il pHECE: 0~ benzol ¢
d (500 t Y & d~to - 78 C. BBr3
(6 6 300 TS aombinGia RIseRs RYEROTPE driehNagish F&trgl?é)'l ao¥ gongentalios
The sol ution déve 180 5972)5@%5 afashivwhiedsalid.t hat tenperat ure for 16 h.

\':’Mhte hscc)::_igtd (2)n \-’l\-ﬁz g %E’@Jgrocedures descnggg_f'ollowmga}ﬁg?agle c&%pou%s BEE racted
8HH of the structure

F30’©/r\ é’bip’“”
N

15 | o Cl
were prepared, wherein R" is defined in the table:
Ex. R11 Mp (° C) HRMS (MH")
. 217-220
8FF OCH, (2xHO! salt) 572.2048
8GG -OH 198-204 558.1898
{2xHCI salt)
= 200-205
8HH 5_<\3N —0 (2xHCI salt) 63s.2172

8FF: The trihydrochloride salt of the product of Example 8, step 3 (100 mg,
~ 0.21 mmol) and 2,6-dichioro-4-methoxy-benzoic acid (140 mg, 0.63 mmol)
were coupled according to the general procedure (EDC/HOBT/iPr,NEY).
20 Purification via preparative TLC (3/1 hexanes/EtOAc, SiO,) gave BFF as a
coloriess oil (27 mg, 23 %).
8GG: The trihydrochloride salt of the product of Example 8, step 3 (330mg,
0.7 mmoi) and 2,6-dichloro-4-hydroxy-benzoic acid (290 mg, 1.4 mmol)
(see preparation below) were coupled according to the general procedure
25 (EDC/HOBT/iPr,NEt). Purification via preparative TLC (1/1 hexanes/
EtOAc, SiO,) gave 8GG as a colorless cil (75 mg, 19 %).
Preparatiion of 2.6-dichloro-4-hydroxy-benzoic acid




layer was cooled (0 C) and acidified with conc. HQ (pH = 1-2). Theg1 grT 2003
aqueous | ayer was extracted with CH2O 2. The conbi ned organic | ayers were
dried (Na2SQ4). Filtration and concentration gave the crude phenol 10 which
was used WP Burther purification. 8HH The tnhydrochl oPFEASEYIE3d t he
product of Exanple 8, step 3 (96 ny, gm)l) and

2, 6-di chl oro-4-(4-pyridyl -Noxide)- benzm% acid (55 ng, 0.2 mmol) (see
preparation bel ow) were coupl ed accordl ng to the eneral procedure
(EDC/ HOBTI i Pr2NEt). PurificatF ' atuve%‘L

hexanes/ acet one, Si Q2) gave 8H a col_gﬁé% ng, 43 9 .
Preparation of 2.6-dichloro? H@2C 4 yridyl - N-oxid%)"’cbe oic acid d.r~ -0
4-pyridyl boronic acid rNt-taut YU I: ("I Y 2 C (PCy3)2C1I 2 t-But 42C
1) nCPBA Cl 2) TFA R@DichiiocHs- rrmmow-wenmb(accd (500702 Scmgnol) matS-talsem

P POys) 201 2 1837 STy and ol -7B2LE B8, o bl o ‘5"’5&‘%3‘%“ Paken
up in NVP and W@&t&ﬂﬁ&ﬂto tbe@otut@nceetr-mzq1Eh¢u)soiuhn@vgaﬂwamﬁ

artitioneg be I W th
Fét Ohc. The%con%ﬁﬁg,gréh%%m aﬁe@aﬁre fahes aqmquame%héw.ﬁm

ganl c ers were was ng ‘ﬁhtﬂg‘ﬁﬁ and br| ne and
dried (Naso4).N MaPH-afhegauaeu @Y@émqsa?’ftfﬁ?t W T U
Purification vj eZ!ildsr@jtﬂé@w Jddiaénalfiédhemmemf Eli-ﬂ@ﬂ(rpH SJ!02) @Bae 68 gy

e L i, Tl i
Usi ngI sui t abl ewetadhedg{Naﬁ@I)l diltratiod anldecqmeotraumlegamm toute poenol

t t t t 30
oropar cd: 1B, O bR GseHIRRRE B fler %@6‘6%’22“2”942 F3C 11 wherein R i's
defined in the8Hitsl Ehestrimpdvpehloridy sritef tha-piadueke{ Fxamplesd csteBrhPe mg,
811- OCH236- 2403 mpd&1] add -238-8fehloro-4-(4-pyridyl-N-oxide)-benzoic acid (55 mg, 0.2

mmo!) {see preparation below) were coupled according to the general
procedure (EDC/HOBT/iPr,NEt). Purification via preparative TLC (1/5
15  hexanes/acetone, SiO,) gave 8HH as a colorless oil (54 mg, 43 %).
Preparation of 2 6-dichloro-4-(4-pyridyl-N-oxide) benzoic acid

Cl Cl  4-pyridyl boronic acid N
t-ButylO,C © g
-ButyiLy 1

cl Pd(PCy3)2Clz 1-BUYIO,C Y

Ay O
1) mCPBA Cl .t

2) TFA HO,C

2.4 6-Trichloro benzoic acid, tert-butyl ester (500 mg, 1.8 mmol}, 4-
pyridyl boronic acid (270 mg, 2.16 mmol), Pd(PCy,),Cl, (130 mg, 0.18
20 mmol), and CsF (540 mg, 3.6 mmol) were taken up in NMP and heated at
100 °C under N, (16 h). The solution was partitioned between EtOAc and
water. The aqueous layer was extracted with EtOAc. The combined
organic layers were washed with water and brine and dried (Na,S0O,).
Filtration and concentration gave the crude product. Purification via
25 preparative TLC (1/1 hexanes/EtOAc, SiO,) gave 68 mg (12 %) of the
pyridyl ester. The tert-butyl ester was converted into the acid as done
previously for the dimethy! derivative (a. mCPBA /b. TFA).
Using suitable starting materials and the procedures described for
examples 8S to 8HH, the compounds of the following structure were
30 prepared:



811- CH> 260516. 3202516. 3213 8KKQ 186- 190603. 3522603. 3513 H 8LLN

202-208579. 3311579. 3303 N; 8Mw10-216579. 3311579. 3311 i N
0595. 3256 800l > 230 (dec)578. 3358578. 3368

8NNI 196- 20
BPP/ 135- 140@?@.6%?9617. 3671 N H 8QQ |

205- 215602. 3682602, FOUUSION1632 [ H

8RRCH, O+ 235 dec532. 3151532. 3124 SSS1 20)6- 212580. 3263580. 3258 N
8TT198-204579. 3311579. 3315 (N~ 8UU 231-

CF3201-207613. 2977613. 2981 WNW215- 22065
00/ 66558 45 PCT/ U500/ 11632 8XXC~

wherein R"' is defined in the table

36580. 3263580. 3252 N 8VWWAH
. 2487650. 2497 21 OC T 2003 WO
%— 01545. 3103545. 3098 O  8YY-

Fsc/@ﬁ '\,Nmpﬂ”
0

Ex. /" mp. (C) HRMS (MH") HRMS (MH")
) calc. found
8lt -OCH, 236-240 532.3151 532.3166
8JJ -CH, > 260 516.3202 516.3213
8KK i J\ 186-190 603.3522 603.3513
N
0" N
8LL H.© 202-208 579.3311 579.3303
BMM l S 210-216 579.3311 579.3311
SN
SNN | A 196-203 595.3260 505.3256
S Y
800 O > 230 (dec) 578.3358 578.3368
X
8PP s j\ok 135-140 617.3679 617.3671
‘N
R
8QQ 1 k 205-215 602.3682 602.3722
N7 N
H H
8RR CH,OH > 235 (dec) 532.3151 532.3124
8SS jl:ﬁ 206-212 580.3263 580.3258
XONF
8TT D 198-204 579.3311 579.3315
RNP
8UU ,[Nj 231-236 580.3263 580.3252
XN
VA, j\c 201-207 613.2977 613.2981
N Fs
BWW 9 215-220 650.2487 650.2497
-+o-g-cF;
0

21 0CT 2003




210- 214595. 2930595. 2921 -9--CH H 3 O 8ZZCH F> 245534. 3108534. 3117 27t 0CT 2003
BAB_1-N-- 202- 205624. 3195624. 3204 -NVe S 2 0 BACO208- 213559. 3260559. 3263

H3 )' wDeaBkR4 5- 220560. 3212560. 3220 /N NH2 H PCT/US00/11632
8AE{ 215- 220573. 3416573. 3424 N Et H 8AFMe215-220559. 3260559. 3257 N H 8AGR
205-209602. 3682602. 3672 / ~N Nom -45 -

8XX 1O 198-201 545.3103 545.3098
10-214 a5, .
8YY _u_§_0H3 210 595.2930 595..2921
e)
BZZ CH.F > 245 534.3108 534.3117
8AB 1 202-205 624.3195 624.3204
$N-§-NMe,
H
o]
8AC JOLC 208-213 559.3260 559.3263
PN CH;
H
8AD j\ 215-220 560.3212 560.3220
rd H NH,
BAE JOL | 215-220 573.3416 573.3424
l“‘\ N,Et
H
BAF ﬁ\ 215-220 559.3260 559.3257
W Me
H
8AG i 205-209 602.3682 602.3672
NSNS
H H
8AH j\ 186-192 574.3369 574.3378
N e
H H
BAIl i J< 200-206 616.3838 616.3844
NN
H H
8AJ K 165-173 661.3941 661.3949
T SN(CH,CH20Me),
8AK CN 240-250 527.2998 527.2991
8AL i 211-215 622.3136 622.3129
N SN
H H
8AM EL 170-174 616.3838 616.3836
NN
H H
8AN . i 192-196 614.3682 614.3690
SN

All melting points were done on the bis hydrochloride salts (2xHC!) except
8PP was performed on the free base



HH9j 8AH/ 186-192574.3369574-3378 ~M NN HH 21007 0M
8Alf 200- 206616. 3838616.3844 ) N N H H 8AIN(CH2CH20OW} 2

165- 17366 @me6Es881. 3949 . 8AKCN240- 250527. 2998527. 2991 PCT/US00/11632
SALC211-215622. 3136622. 3129 ~N NB H H 8AML170- 174616. 3838616. 3836 H H BAN
|~ 192-196614. 3682614. 3690 H H All nel t 46g points were done on the bis
hydrochl oride salts (2xHCl) except 8PP was perfornmed on the free base 21
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bove and f oPIOGREHERS RENBs 8 8hdss BeEbesebo v and JhitinadRe F2BIgdSt or T owi ng
structure wegACQP8AQHItRE coH)pOLEﬁﬁ-dﬁﬂe‘folld\lwng strust@rebwalepspardt: i s defi ned

in the table z
g&'kbp

5 wherein R'' is defined in the table

Ex. R" m.p. (°C)
8A0 -CN 240-250
BAP -CONHEt 215-220
8AQ -N(CH,)CONHE! 186-203
8AR -CONH, 200-208
8AS -CONHCH, 215-220
8AT | -CON(CH,CH,OCH,), | 165-173
8AU -CON(EY), 170-180
8AV -N{CH,)CONHCH, 198-210
BAW -NHCH, 190-200
B8AX -N(CH,)CONH, 190-220
8A0:
OBy COtBu COzH
ZniCN: _Her | Ex8ster3 a0
Jso0,cr, PAPPhale 7 1 DEC/HOBt

Step 1: The triflate intermediate (see 8W) (0.4 g), Zn(CN}, (0.2 g),
Pd{PPh,), (0.3 g) and DMF (1.5 ml) were heated at 80 °C for 17 h. The

10 reaction was cooled toc RT, diluted with EtOAc and saturated aqueous
NaHCQ,. The EtOAc layer was removed, washed with water, dried with
brine and evaporated tc give a crude oil which was purified by preparative
plate chromatography (2000 uM silica plates; 8:1 hexanes: EtOAc eluant),
to give, after isolation of the appropriate band, the cyano intermediate {0.2

15 @) in 77% yieid.
Step 2: The product of Step 1 (0.2 g) was dissotved in MeOH (1.5 mi) and
HCI (4M solution in 1,4-dioxane; 2 ml) was added. The resulting solution
was stirred at 50 °C for 3 h and evaporated. This crude intermediate
(0.038 g) and the product of Exampte 8, Step 3 {65 mg; trihydrochloride

20 form) were treated in the same fashion as Exampie 8, Step 4, using DMF (2
ml), HOBt (45 mg), DEC (60 mg) and diisopropyl ethyl amine (0.1 mi) to




.Ex. R" MP. G B8A0 -CN 240-250 SAP - CONHEt 215-220 8AQ -N CH CONHEt1 0CT 2003
186- 203 8AR 8AS B8AT SAU B8AV 8AW B8AX Zn Zn(CN)2 PWPPh } 8 4 CF OSO 2
CN HCl CNwimsoo/86ss8tep 3 BAQ DEC/HOBt Steo 1: The trifl ate porasowtissd e
(see 8W (0.4 g), Zn(CN)2 (0.2 g), Pd(PPh3)4 (0.3 g) and DMF (1.5 m) were
heated at 80 C for 17 h. The 10 reacti emMiws cooled to AT, diluted with
Et OAc and saturated aqueous NaHCO3. The Et OAc |ayer was renoved, washed
with water, i'%g,dad{%rti&uaﬁéﬁ QR4 HMfBUAGA HeqFed Bagh YSmROFEADS with Wasch was
purified by arative plate chromatogra hyqﬂZOOO Msilica plates; 8:1
hexanes: Et Quorsteedty its HG! salt &5 B én 5%%”?9 -on of the appropriate band,
the cyano intggpediate (0.2 15 g) in 77%yield. Step 2: The product of
Step 1 (0.2 g) Was;gdi ssol vedghpgheOH (1.5 m) aang HCl (4Msolution in
|t
(
f

: L5 :
ot 3 e eSgoaf at SBEE 3 W b T S
of Exanple 8, ep 3 (65 no;Ytrih§g | ori de orn‘? B'treated in the
same fashion as GHcanpl e 8, SEogt 4" uSfng DVF (2CONHES HOBt (45 ng), DEC (60
) and digi soprapyl H %! Bitheli-A8offyi’bdH2oid Gcid (1.96 g) (see 8W) was
dissolved in t-butanol (94 ml) and 2-methyl-2-butene (24 ml). A solution of
NaCl0, (6.89 g), NaH,PO, monohydrate (8.17 g) and water (45 mi) was
added dropwise to the first solution. After complete addition, the pH was
adjusted to 3 and two layers resulted. The organic layer was removed and
10 evaporated to give intermediate acid (1.80 g) as a white crystalline solid,
which was used without purification.
Step 2: To a solution of the product of Step 1 (0.62 g), CH,CI, (5 ml) and
DMF (1 drop) was added oxalyl chloride (0.31 mi) and the resulting solution
was stirred for 10 min, at which time a second portion of oxalyl chioride
15  (0.30 ml) was added. The reaction was stirred for 10 min, toluene was
added and the mixture was evaporated to dryness. CH,Cl, (10 ml} and
EtNH, (1 ml) were added and the reaction was stirred for 2 days, then
partitioned between brine and CH,Cl,. The CH,CI, layer was evaporated
and HC! (4 mi of a 4 M solution in 1,4-dioxane) was added. The resulting
20 solution was stirred for 3 h and evaporated to give a solid which was
washed with Et,Q and collected to give the amide intermediate (0.13 g)in
24 % yield.
Step 3: The product of Example 8, Step 3 (60 mg; trinydrochloride form)
and the product of step 2 (35 mg) were treated in the same fashion as
25 Example 8, Step 4 to give, after work up and purification, 8AP as the free
base form, which was converted to the HCI salt (50 mg) in 62% yield.

8AQ:
CO,tBu COtBu CO.tBu COH
1. NaH TFA
e a—— —_— —= BAQ
O e O e (Y
NH; NHMe NMeCONHEt NMeCONHE!

Step 1: To a solution of the amine intermediate (2 g) (see 8Z) was added
30 NaH (0.4 g of a 60% oil dispersion). The resuiting suspension was stirred
for 15 min and Me,SO, was added. After heating at reflux for 1.5 h, the
reaction was cooled to RT, poured into saturated NH,Ci aqueous solution
and extracted with Et,0. After evaporation, the crude reaction mixture was



- CONH200- 208 - CONHCH, 215-220 - CON CH CH OCH165- 173 - CON Et 170-180 - Nt1@4T 2003
CONHCH198- 210 - NHCH, 190- 200 -N CH CONH190-220 2 1 0 ¢ 12003 WO 00/ 66558

PCT/ USOO eésg 0ive, after isolation and purification, se
form of SAQ V\/{n ch was converted to its HCl salt (45 ng) ﬁ@}o@ﬁéﬁg
BAP:  CO2t Bu Q02teu C02H 1. oxalyl chlorigge 1i,~ Ex. 8. Step 3 8AP °

H2NEt T DEC/ HOBt CHO CO2H 3- HCI CONHEt 5 to 1. 2,6-D nethyl -4- forr’ryl
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work up and pungftheéFrb8dct s 8tepB (0184 §) RRre treated in the same fashion as

15  Example 8, Step 4, to give, after work up and purification, 8AQ as the free
base form, which was converted to the HCI salt (65 mg) in 62% yield.
Using procedures described above and employing commercially
available acids, compounds BAY BBT of the structure
peges bea
20 were prepared, wherein R and R" are deflned in the table:
Ex. R™ R" Mp (¢ C)
8AY -CH, H - 205-208
8AZ F H 250-255
BBA Cl H 215-217
88C -CH, Br 228-231
88D -CH, ; \"'N 194-198
BBE Cl Cl 240-241
8BF Cl F 268-270
8BG Br H 210-213
8BH Cl Br 213-217
8Bl Br F 176-181
88J | H 184-190
8BK -CF, F 204-209




base form which was converted to the HCl salt (50 mg) in 62%yiel d. 2 1M 2003
C2tBu CO2tBu CO2tBu CO2H 1. NaH A TFA 8AQ z. Me25U4 EtNCO 11 | V. -J NH2
NHVE NMe CONdio/dgk®CONHEt St eal : To a solution of the am ne poiingsoaR#éat e (2
g) (see 8Z) was added 30 NaH (0.4 g of a 60% oil dispersion). The resulting
suspension was stirred for 15 mn and Mg@SO, was added. After heating at
reflux for 1.5 h, the reaction was cooled to RT, poured into saturated
NHACI aqueoug—sotrutiom—anmg extragted W tIT Er 20.] AL Ler._evaporati on, the
crude reactidn 8Bktdre wasP 1 0 ¢ T 200F W 00/laaelf27048f PCT/ US00/ 11632
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conpounds 8AY-8BT of the structure N%él 20 were reared, V\,herel n R

and R' are defined in the tabl e.

wherein R®, R®, R® and R? are as defined in the table:
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Step 1: A solution of 4-N-BOC-2(S)-methyl piperazine (1.5g; 7.5 mmol), 4-
5 methoxy-benzyl chloride (1.1 ml; 8.1 mmol) and diisopropyl ethy! amine
(1.5 ml) in dry CH3CN were heated at reflux for 5 h. The reaction mixture
was cooled to RT and volatiles were removed in vacuo. The residue was
dissolved in CH2Cl2 (30 ml) and washed with water and brine.
Concentration gave the crude product, which was purified by FSGC (10%
10 EtOAc-hexanes) to obtain 2.1g (88%) of product as a pale yellow liquid.
TFA (6 mi) was added to a solution of the above compound (2.1g;
6.56 mmol} in 12 ml of CH2Cl» and the mixture stirred at 25° C for 1.5 h.
The reaction was quenched with 1N NaOH and adjusted to pH 10.
Extractive work-up in CH2Clz furnished the desired product (1.4g; 97%) as
15 a coloriess gum.
Step 2: A mixture of the product of step 1 (1.4g; 6.36 mmol), N-BOC-4-
piperidinone (1.27g; 6.4 mmol) and Ti(OiPr), (1.9 ml; 6.4 mmol} was stirred
at 25° C for 24h. A 1M solution of EtoAICN in toluene (7.6 ml} was added
to the reaction mixture and the mixture stirred at ambient temperature for
20 another day. The Strecker amine thus formed was worked-up and isolated
(2.7g; 100%) as described in Example 8, step 2. TLC R(=0.3in25%
EtOAc-CH2Cly.
The Strecker amine (2.7g; 6.3 mmol) was dissolved in 15 ml of dry
THF at 0° C and CH3MgBr (3M in Et20; 10.5 ml) was added to it. After1 h,
25  the ice bath was removed and the reaction aliowed to proceed at RT for
15 h. TLC analysis of the heterogeneous reaction mixture showed no
change from the starting material; the mixture was warmed at 60° C for 5 h
with no observed change in TLC behavior. The reaction mixture was



8CA- CF3CH3- CH2CH3N) 179- 181 N BCB- CF3- CH2CH3- N200- 202 \ N wherein R8 &3 0 2003
and R2 are as defined in the table: 21 OCT 2G038 W 0066558 -50

PCT/ USCO w6 3@6685D- CF3- CHZCH3NHCONHEL 199- 205 BCE~' CH3- CH3c pe@fusddthebs CN
YY H BCF- CF3- CH3- N 235-239 N F3C O NH2 Step 1: A solution of
4-N-BOC- 2(S) - et hyl piperazine (1.5g; %28 smol), 4 5 et hoxy-benzyl

chloride (1.1 m; 8.1 mmol) and diisopropyl ethyl amne (1.5 n1) in dry
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I d Ti t Al M
gglo u% i 32 ofI gg% ?n(ﬂiolaﬁleg %&aghéggs'td@tet\ﬁg &3&@@?@?{ m xture
and the nixt ZlaPFlé'Hasdleda‘Wrﬁh Hf'ﬂ@%é sRlution. watep8ndBinBer day. The
Streckery@ni Gbﬁc@Hﬁaﬁ@rﬁ rrpdaemﬁgm 'fel%w?%)‘gf 8@ z,ﬁén%% E?.%?& 7g; 100% as

described in Exa te TLC CHZCI 2. The

Strecker ani 7”@50'6"'9” ﬁ’?ngﬁ pmcapﬁtﬁ%&o 1@919 4imrgeh.p-Yifluere at 00 C

and CH3MyBr &ihylrberzgDbrobfics (011)g; 0o rrerelel aridodiisiopr W@th dmine40.1t he ice
~bath was renpyesh GHLHIEN WA ELRIY #ahMeadsb7 e EFfi%eth. Frhe'Rixture was

cooled and organic product isolated via extractive work-up in CHoClyo.

15 FSGC (10-30% Et;0-CHaClo; Ry = 0.4) yielded the major product as a
colorless film (0.12g; 68%).

Treatment of the above product (in CH2Clz) with TFA (1 mi) for 1 h
followed by basification and standard work-up provided the desired
compound (0.09g; 96%) as a colorless film.

20 Step 5: The product of step 4 (0.045g; 0.13 mmol) and 6-chloro anthranilic
acid (0.022g; 0.13 mmol) were coupled as described in Example 1 and
after work-up and FSGC (5% CH3zOH in CH2Clp) the title compound was
isolated as a colorless film (0.058g; 90%).

The HCI salt of the title compound was prepared in the usual manner

25 by the reaction of the free base with 1M HCI-EtzO and processing the
precipitate to obtain a beige solid (0.066g).

Using a similar procedure, the product of step 3 was converted to
other compounds, first by alkylation of the piperazine nitrogen with the
appropriate halide, followed by deprotection and coupling of the piperidinyl

30  portion with the appropriate acid to form the amides of general structure:

N
\/N‘b
NTR‘?
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R/‘\.

wherein R and R2 are as defined in the tabie:
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Using a similar procedure described below, compounds wherein R is
4-ethoxynaphthy!t were also prepared:
Steps 1-3: See Example 9.
Step 4A: 4-Hydroxynaphthaldehyde (0.86g) and K>CO3 (1.38g, 2 equiv.) in
5 CHaCN (35 ml) were treated with CH3CHa! (0.80 mi, 2 equiv.), and the
resulting mixture was stirred at RT for 20 h. The reaction mixture was
concentrated in vacuo, the residue treated with EtOAc, and the mixture
fitered. The filtrate was partitioned with H>O. The dried (MgSO4) EtOAc
was concentrated in vacuo to give an orange-brown residue (0.89g). This
10  residue was placed on preparative thin layer plates (10, 1000u), and eluted
with CH2Cl5 to give the title compound (0.829).
Step 4: Under argon, the products of step 3 (0.270g; 0.95 mmol) and step
4A (0.571g; 2.9 mmol) in CH2Cl2 (25 mi) were stirred at RT for 30 min.
Na(OAc)3BH {0.506g; 3.4 mmol) was added. After 18 h, the reaction
15  mixture was quenched with dilute NaOH. The aqueous layer was washed
with CH2Clz (3X). The combined CH2Cla solution was washed with H2O
(3X) and then brine. The dried (MgS0Qg4) CH2Cl2 solution was concentrated
to ~50 mi. Amberlyst 15 (4.5 meqg/g: 2.4g; 11.025 mmeq) was added. After
19 h, additional Amberlyst 15 (2.3g) was added. After 7 h, the resin was
20  washed with CHoCla (5X), THF {5X), THF:H20 (5X), H20 (5X), CH30H
(5X) and CH2Cls (5X). The resin was eiuted with 2M NH3 in CH30H (300
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procedur e d@ﬁmg?ﬁd bel ow, conpounds wherein Ris 4-et hoxyﬁht hé{l wer e

al so prep . ps 1-3: See Exanple 9. Step 4A: 4-Hydroxy Kéhyde
(0.86g) and K2C03 (1.38g, 2 equiv.) in CH3CN (35 m) were treated with
CH3CH21 (0.80 m, 2 equiv.), and the re&Sulting mixture was stirred at RT
for 20 h. The reaction mxture was concentrated in vacuo, the residue
treated wit h rel) (%), faliawadcby ﬂDR@théathﬂ Nvacue toTgike fan amheeolhdl. 23881 ti oned
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-washed with CH2Cl 2 (3X) he conmbi ned CH2Cl 2 sol uti on was washed with H20

(3X) and then brine. wed (NgSO4) CH2Cl 2 solution was concentrated to
-50 M. Anberlyst 13 (4. &Ség 1’0025 mreq) was added. After 19 h,
addi ti onal A f"y@t ( T@s After 7 h, the resin was 20
washed wi th CH2Cl 2 (5XY, THE ( o (5X), H20 (5X), CH3OH (5X) and
CH2Cl 2 (5X). The resin was eluted Wt HZM IBI;? in CH3CH (300 2 1 OC T 2003
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LCMS found M+H = 531 HPLC" Retention time 5.52 min. |

CHs
CHgCHZO{\ K,N HaC N

e N
0 CH; oW
10 LCMS found M+H = 516; HPLC" Retention time 5.66 min.
"HPLC: VYDAC 218TP5405 column; gradient 5-95% B over 10 min hold 2
min; Soln A 0.1% TFA/H,0, Soin B 0.1% TFA/CH,CN at 245 nm.
Using a similar procedure wherein the starting piperazine does not
have the methyt substituent, the following compound was prepared:

N Ha
FiC NGNS
15 0 CHs (1) 9X: M.p.250°C

Example 10

/©/\N’K A.R®=NHy; R'®=Cl
| N R B. R® = NHy; R'=CH,
O],\@ C.R%, R' = CH,, CH,
o g
Step 1: A solution of 4-N-BOC-2(S)-methyl piperazine (0.4g; 2 mmol),
20 p-iodobenzaldehyde (0.46g; 2 mmol) and NaBH(OAc)3 (0.65g; 3 mmol) in 6

ml of CH2Cl> was heated at gentle reflux for 14 h. The contents were
cooled, diluted with 30 ml of CH2Clio and washed with 1N NaOH solution,



- 54 PCT/US00/1 1632 m) (3X), followed by concentration in vacuo to2 biﬂ\% 1003
an anber oil (0.2159). The crude material was placed on preparative thin

| ayer pl alz@pookegsssl 000), and eluted with CH2Cl 2: 2M NH3 i n ¢dipGddoiPs3t) to
give an amber oil (0.125g, 36% . 5 Step 5: Using the appropriate carboxylic
acid in the procedure of Exanple 9, sigp-5 the follow ng conpounds were
prepared: CH3CH2ZO N~) CH N.i,z,)H3C ~N O GH3 9V LCMs found MrH = 531;

HPLC R ' | i : g \
LONS found mee? &EbnEfo ol IR B 10 8ok ASCY f@“ﬁ%&gﬁﬁp%ﬂos
col um; gr adrffardest teodasirgddroduct B8 79%) ag@drcoledess WM. 1 AFIPD,  Sol n

B 0.1 % TFA (1BEM pioX4Rekane Using a simlar procedure wherein the starting
pi perazi ne does ngqt BhS e the nmethyl substituen the follow onmpound
K Rpp e Rioguchibs

was prepared: F3CThg protecting gripp yasgepaved fromytke Riog } Exanpl e
10 A. R9 5 NHiE8 RinolFbTireatmént with TR ni)lin CHEBB (@ mR9Fokiwing CH3, CH3 0
RO S5tep 1: A soluytion of 4-N BOC-2(.S) - L.Dj.perazin 49: 2 mmol), 20
p- i odobenzal 8 dwrﬁga,, ﬂ? %ﬁé‘ﬁlﬁ%@ﬁ("@éﬁ%(%%w’% v%%l ) in6 n
of CH2Cl 2 wasbtuiadeds @t cajemedseguraf | ux for 14 h. The contents were cool ed,

di luted withg% ﬁ?& | ' bk Al WweFs adddd OCT
2003 WO 00/ 6 51 (%BUS Oll)%ggégg%%mgﬁg\r%g@néﬂ!%ruirne to ??glt até gn yel | ow
¥

oi | (0.8g). keacouenEHtoaerodueéstem (8Red -2 amelianddNRGeuct (0. 669;
79% as o copfydrifisorid (0Bg; B-mnkil) in ®n@ of CH2Clp and the resulting solution

was stirred at ambient temperature for 16 h. After the usual work up and
FSGC, the desired product (0.6g; 76%) was obtained as a colorless oil.
TLC R; = 0.4 in 25% acetone-CHClz.
, The free piperidine (0.38g; 79%) was prepared from the N-BOC
15 protected compound (0.6g; 1.2 mmol) by treatment with TFA (2 ml) in
CH2Cla (5 mi).
Compound 10A: The coupling of 6-chioro anthranitic acid (0.065g; 0.38
mmol) with the product of step 2 (0.127g; 0.32 mmol) in the presence of
DEC (0.092g; 0.48 mmol), HOBT (0.065g; 0.48 mmol) and diisopropylethyl
20 amine (0.1 ml), followed by product isolation, were carried out as described
previously. This procedure furnished the compound 10A (0.13g; 73%) as a
colorless fitm. TLC R; = 0.5/ 0.45 for a pair of rotomers in 2% CH30OH-
CH2Cla.
The HCI salt of the title compound was prepared in the usual
25 manner. Mp: 198-202° C; HRMS (MH™) = 553.1231.
Compound 10B: Coupling the product of step 2 with 6-methyl anthranilic
acid gave compound 10B (HCl salt) in 73% yield. Mp: 197-200° C; HRMS
(MH") = 533.1774.
Compound 10C: 2,6-Dimethyl benzoic acid was coupled to the product of
30 step 2 to obtain the amide 10C (HCI salt) in 50% yield. Mp: 202-205° C;
HRMS (MH") = 532.1826.

Example 11

Step 1: (S)-Methylbenzylamine (27 ml, 0.2 mol) in CH2Ci2 (50 mi) was
35 dropped into ice-cold trifluoroacetic anhydride (40 mi) in CH2Cl2 (200 ml)

within 15 min. The mixture was stirred at RT for 1 h, then cooled in an ice




in 25% Et OAc- hexane The BOC protecting group was renoved fromthe Qrf’ﬂﬁ'ﬁ{lﬂ}

(0.66g; 5 1.58 nmml) by treatment with TFA (1 m) in CH2C2 (2 nl)"

Fol | owi ng w@&hakétes d work up, the nono-al kyl ated pi perazine was
obtained as a colorless gum Step 2: NaBH(QAC)3 (0.63g; 3 m%??’gané&?z\ﬁ)

drops of AcOH were added to a solution g&_the product of step 1 (0.5g;
1.58 mmol ) and N-BOC 10 piperidinone (0.6g; 3 mol) in5mn of CH2Cl 2 and

the usual  woratahBalr oodBRvas ph6&H (37 o Ol diieh TBEBR BB MRt b af ned.
as a 03: g(ra I t(ametr’nxy)lodﬁl_ﬁeﬁterxe 234g,0. {H/mm@etkftm' teHagshirrediad BT :e i
(076g: 12 misEryt B e B rEFSTER uhRTaes o ioolenz St 27 b8 SRTPONTY,
OA: The couplmolg was addati @ng thet mibduia wes stirred @ Rickg.0ne.mere dawl IMgi th t he

product of Strﬁ:Rtl.ﬁe(vG’aslamﬁedQNlﬁ'?OHEmg {500 Hicamd mem@Nﬁ 2SOFR AR 0929, 0.48
nmol ) , I i sopropyl ethyl 20 am ne %Olm

foll ovved by @Qb’@@é’ﬁ $ARmi} apd stm@%f%&$ Ped h&ﬁ@é@"‘d@%@r\*’ﬁééep Flefousl y.
This pr oceduraeudfwastn@dwmhtmmo@mdnm@dmoagn aorvdioa gel eolucwl and ess

Fil Rf
LT of ne ieshetb A e 3500 i ORI Wil Kb OIREY, s iz, The 1
198- 202 C HRWBWalg-idded 453 the frfixtute mticeddor 10 GEn. Gtaxanesd60@enipmasuct of

step 2 wj i @ n 73%
vieta. 0" S aal (e EGO 36gRHE RS THANIE Wil SHTtd IS B ey
benzoi ¢ aci d Feespresipitateiwas callectad andwashedagth heganes. oTee white SH8 ani de 1

OC (HC  sal tMasnd@&%aVW dhd Mgdo 8@@%@5&36 5@@%%@1&1 R, 5827,1826. Exanpl e
11 Step 1: %@LX*E Ibenzlamne&% in CHZCI2(50 m) was 35
dr opped into Xanes; f[3ovas ?'Beﬁnhydrl de (40 m) in CH2Cl2 (200 ni)
within 15 m rStegme Tihex produchad step nr(dd.2ag, RU3B onof)l was dissoived ol 6H3OH an i ce

5,5 S0 M G TR e 122

ne (25 g,
0.058 nol ). Mreewrsseump mlxturegw@tstmed atBT deighd hnAﬂﬁéﬂlfaekl;s%w(és )

[Dis(trifl UOfé%ﬁSPéiéM !h‘é ssEeRGet %sgbxtr%cfb'iﬁwltmﬂt;@ (BRFO@AIEAnA@NS t he
m xture was stirred or._one m)re 3/ lhIE)I' @neég(’grmsgjluted W th
CH2d 2 (500 Romkined P&@@%P&W@W wasfigd with brine, 2504,

filtered and concentrated to give a free amine.

20 Methyl-R-lactate (4.08 g, 0.039 moi) was dissolved in CH2Cl2 {40 mi)
and the mixture was stirred and cooled in acetone-CO» to -78° C under Nz
atmosphere. Trifiuoromethane sulfonic anhydride (10.2 g, 0.036 mmol)
and then 2,6-lutidine (6.27 g, 0.059 mol) were added and the mixture was
stirred for 5 min at -78° C. The mixture was warmed to RT and stirred for

25 30 min. More CH2Cls was added to the mixture and the solution was
washed with 2N HCI. The freshly prepared amine from above was added
to the triflate solution foliowed by K2CO3 (18 g, 0.132 moi) in water (20 ml).
The mixture was stirred at RT overnight. Extractive work-up with CH2Ciz
followed by silica gef column chromatography gave a secondary amine

30 (8.27 g, 75% vield, R; = 0.65, hexanes/EtOAc, 3:1) as a yeliow syrup.

Step 3. The amine of step 2 (17.3 g, 0.052 mol} was dissolved in
dichioroethane (100 ml) and CICH2COCI (117.2 g, 82 mi, 1.04 mol). The
mixture was stirred under reflux condition for 3 h. Both the solvent and
CICH2COCI were removed under vacuum, The remaining yellow syrup

35 was dissolved in DMSO (40 ml) at 0°C and Nal (5.2 g, 0.035 mol) and
NH40H (56 ml, 1.04 mol) were added. The reaction mixture was stirred 0°
C for 30 min., warmed up to RT and stirred overnight. Water (100 ml} was
added to the mixture and the precipitate was filtered and washed with




aqueous, 500 m) and stirred for 0.5 h. The organic layer was separzat gglf 2003
and washed with NaHCO3, filtered through a short silica gel colum

washed wit woiddddebsy (500 m ). After CH2CI 2 was evaporat ed, Etp’{Q,(ﬁs'baﬁ m)
was added and the m xture stirred for 10 m n. Hexanes (600 m) was 10 added
gradual ly to the Et20 solution and the m&ture was stirred for 0.5 h. The
preci pitate was coll ected and washed with hexanes. The white solid was

dried at RT ang, ﬂg?dgh%qm?@é'@@hd %Ete%n@d w@?%rﬁé‘oeihchtr nge@hg Et OAc/ hexanes,

di skl ved i n_cseiopPesirned 1) BahthmbieR Fus GbqhemsesnEION. Saler (100

m) was added g@pOPWIRE dni’@@ mexaz!he oMafepSB (14 scb @, oRﬁdprae dissolvedf iner t he
or

CH3COH was eva ed 3%1,00 nl
nd the conbi aﬁ JdAY 7Y ed 2S04,
2 fraf a&b% 5 Ak SR 5,14 6 bl R AGELRSI00 )
fil B e(r) gg ﬁg?) @rzeestnmgglq\?emlpwm addace® e suutic) The mikiuR hastsiired I4r (r)gd
gnd cool ed |n ’Eﬁ?ng'd'on?gl_{gbrﬂ&f%ﬁ?c}oc{l %hg&"mﬁgwau@?o%ﬁag{‘hane
sul foni ¢ anhycﬁh‘ld@i'((ﬁ@ozﬂ'@ any thes eansentratadiHC 6300 mi) wate added slowhyrtqy,
0.059 ol ) mrtﬁe?ﬂ‘lﬁﬂeR% g&uﬂbﬁ st @?yhﬁpaimgndé}*ﬂérﬁﬁndgﬁ C. The

m Xture was war e stirre 2Cl 2 s added
to the m xt ur gefiwg conditiopsfer 6 migs Theadhderevas concestratedigadiiNaQR yas

prepared 3 neacfdémmhcmé dWWa%CHSFé thia ﬁd“eEkfraétl\@tﬁoﬁchplﬁvitﬁfEtOdeH@ by
K2C33 (18 g, 132 nol,) .in water % Y:) 2 wa stirred at RT
over ni ght . ttpﬁﬂﬁﬂfgd\mp?@;ﬁ‘%\ﬁ yaliow syrup f??\/ﬂ;@t%yﬁ fca gel colum
chromat ogr aphyStep\V®: Thegroddet of siep l4€(1.’:mg(3797mgloi)75%5®@+4dplpaﬂdgne 65,

0 052 ol ) wgiSHh S8 FE &, HABHIO 39@69328 e AORE 1"

g, 82 nl, 1.04mhkd)52 mol)rwemﬁ%nmae an (FRfem )r%’fqth‘ﬁfadﬁdfﬁtw for 3

h. Both t d B n| -
yel | ow syi1 up % %o?msgo gj@ : t)‘q\lé%jt %H‘?é%véabﬂ%o\gﬁgmrwag‘ aeded g

mol ) and  NHA@D] s@raﬁtwelwezk WP Mt t‘atﬂ%le 'P%aaa?' %O%ﬁ&émﬁehﬁm
stirred 00 C dffyrda@ pmr@p;pavazmncbupendmerezmr@, A3%lyigld, BpeOmight . Vat er
(100 M) was added %é%vﬂygture and the precipitate was filtered and
washed with 21"Q¥aRes B¢P-_ 57 PCT/ US00111632 wat er. The white
sol i d obt ai necSigas:dTheproduct of step §|(\1e9 ghd7 mm@@tw9$ gissabveddn CHe@2g, 77%

{1 % 20,0 T TP (b9 g e o ki glsS g 1 2h, 5Ly
(15.1 g, 0.4 rhitgr taﬁdesma@et the( salven) and PBAgunger reducechpiepsuks: @agg*ged to
the sol ution. gdigtidh IENY Rab@RidelitbtRE remaining syrup and extractive work up with
£tOAc gave the free piperazino-piperidine (1.3 g, 85% vyield) as a yeliow
syrup. To a sofution of the free piperazino-piperidine (200 mg, 0.484 mmol)
25 in CH2Clo (2 ml) were added 2,6-dimethylbenzoic acid (150 mg, 0.99
mmol), DEC (191 mg, 0.99 mmol) and HOBT (135 mg, 0.99 mmol). The
mixture was stirred at RT overnight and then the solvent was removed
under reduced pressure. NaOH solution (3N) was added to the remaining
syrup and extractive work up with EtOAc followed by column
30 chromatography afforded the title compound (210 mg, 80% yield, R = 0.37,
CH,CI,/CH30H, 20:1). HRMS (as the HCI) calcd for Ca7H37N30l (M+H")
546.1981, found 548.1965. Mp: 190° C (dec.).

Using a similar procedure compounds of the formula
o R’

| ,©’\N N—CN’L@

35 were prepared, wherein R? and R1C are as deflned in the table:



under reflux conditions for 3 h and then cooled to about 0 C on a it 06all)
CH3COH (500 m ) and then concentrated HC
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no- pi peridine (1.3 g,
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vVer n

OIBRD (A

&QHC 'P&'tl'ib éélﬁfibrﬁrBf tHe SRdubtel Exafpfe § 198tept (249 41201 ) and

’wagmp mﬂeb-fefzmag}xvp@&%wﬁ%ﬂé%@é 8 gl Z67
added to tHe GHzCipiwas addediBi(@iRN)elt.19g K2 mwoel) ang thetmixtureyas

croct R 1MPEIRIEN 1G04 15 QR Ay es

f ourveasbstBrad oesmnigit at BTOaIlEi (hﬁeaolyenwaﬁ @vapsratetarSatuiedur e,

ht and t hen
g{l[fgd/ed by

Hyoem, 1ROMixupd d, R
or C27H37N301 ( MtH+)

Qé%saadded)td:ﬁeﬂbsﬁﬁjeV@'lid?eﬁer@WeeﬂorW\hpWﬂtmEl@Aa@dvalo
t CT 2003 WO 00/ 66558 - OH 200

e tabl e:

step 4 (118 9.mbaRd 3INMNTH;MgBr

4.67 mol) in 5

CH2Cl 2
m xture was stTixiEg wa(;ts e

Exanihe Streckeegmine g% antelowshiivpor Rerswhe wasdigeeived 'éji'fﬁ)l‘bo 11,

- k21 immalx waarduiged todtheigodutiatonghe0. 93 g,

o@%@ﬁﬁ QYairioh. Yied Sapiet.S°s; aflf¥atufle

t he mi Why@ anchwateriwaseaddsdr Extgactiva wrrk aadwtmﬁt%c Jellweg by

the

grm)l) was

T B one Stk 3l bGP A RS biBefdiind Bipeliting Bloditt/(R5fe g Wor

81% yield, R =

0.52, hexanes/EtOAc, 2:1).
Step 2: Treat the product of step 1 in the manner described in Example 11,

Step 6, to obtain the title compound. Mp. 190° C (dec.); HRMS (as the
HCI salt): found 560.2145.
Using a similar procedure, compounds of the formula

Jepiotort

added,
up with Et OAc
15
20 were

prepared, wherein R2 is as defined in the table:

Ex mp {°C) HRMS
12A HN | ol 145 (dec.) 581.1537
12B HN ! CHy 150 {dec.) | 561.2083
12C | WHS 208 (dec.) | 561.2096

N




the Strecker amne as a yellow syrup. The syrup was dissolved in THE (4372003
m) and SMCH3MyBr (7 m, 21 mmol) was added to the solution. The mxture
was stirresloabeesss over ni ght, then cooled to 00 C and sat ur apegnsbbMfdz and
wat er was added. Extractive work up with EtOAc followed by silica gel

chr omat ogr aphy gave the piperazi no-pi perg@ine product (1.78 g, 81 %yield,
Rf = 0.52, hexanes/EtOAc, 2:1). 15 Stec 2: Treat the product of step 1 in

t he manner descri pegd 11T EXanple-1T, TE TO|0 ntheg title conmpound.
Mp. 1900 C (dec.)| HRBs aﬁoﬁ§§3ﬂ¢ﬁ; Eﬂd%zBGQJergégdgﬁf4s. Using a sinilar

procedure, conpoupds of {he la N[N-N R2 20 were )relpared, wherein R2
Is as defined in fhe table: - PCT/ Usoo/ 11632 EXRIRi oM CHRMVS

ethar i VG Hr e S 18
N 21

- OCH31578. 1860 11 M
H H3 O C T 2003 WO 00/ 66558 - 59

(dec.)561. 2083 12208 (d
12DHO H3206 (dec. )562. 19 (dec.)577/2029 N 0]12F245

(dec.)601. 1006 O 5%1_._8 de((_:;. War7. 202 ﬂ?(d&.) N 601.1006
I

N

N

12G Ha Hy 218 (dec.) | 577.2029
Ne |
OH

Lo a o

12H C'\L)]/C‘ 195 (dec.) | ©617.0945
3
T 1 ) | 562.204
121 HaWHS 116 (dec.) 8

Example 13

Jep o0y

Step 1; To a solution of the N-BOC protected product of Example 11, step
4 (250 mg, 0.581 mmol) in DMF (2.5 mi), CuCI (1 g, 10.1 mmol) was

5 added. The suspension was stirred under Np at 110°C for 24 h. After the

"~ mixture was cooled to RT, NH4OH was added and the solution gradually

turned bright blue. Extractive work up with EtOAc gave a mixture of the
chloro-substituted piperazine and its BOC derivative. After treating the
mixture with TFA (5 ml) in CH2Cl2 (2 ml) for 2 h, the solvent was

10  evaporated and NaOH (3N) was added. Extractive work up with EtOAc
afforded the pure piperazine (110 mg, 79%) as a yeliow syrup.
Step 2: The product of step 1 was treated in a manner similar to Example
11, steps 5 and 8, to obtain the titte compound. Mp. 180° C (dec.); HRMS
(as the HCI salt): found 454.2617.

15 Using a similar procedure, compounds of the formuia

: o R
y /Q/\NUN—CN’“\@

Rﬂ)



OH 12H195 (dec.)617.0945 121116 (dec.)562.2048 H ale- CH3 NON Cl
PCT/ U500/ 11632 Step 1: To a solution of the N-BOC protected product‘lc]f[][:T 2003

Exanple 1 4 (250 ng, 0.581 mmwl) in DVF (2.5 m), 1 (1 10.1
nmol ) vvas%éogéfg@as The suspension was stirred under N2 at %&gq"fﬂi@h h.

After the mxture was cooled to RT, NH4QH was added and the sol ution
gradually turned bright blue. Extractive work up with Et OAc gave a m xture
of the <chloro-substituted piperazine and its BOC derivative. After

treating the wetexprepared.twhevein B5 ang R'Q arpasigefingdiin the dable: | t he sol vent
was 10 evaporated amd NyOH (SDﬁgwals gehded] Rid PG ifve Rimis upg with EtCAc

af forded the pure pifperaztt 01y —as —ayehtowsyrup] Step 2: The
product of step 1 was t3%atledGHs 4 sﬂQQ(ﬂgﬁ-)to@gﬂg | 11, steps 5

2r

and 6, to obtain th¢ t{4d e |[conppund.. N, 1 g89. ki7stHidy |(as the HC
salt): found 454. 26:-7.1% tist .n.BPa 1 :%u %.ngggéug , bgl.l ounds of the
formula J---\ s C 2 113&Tf20(aélwo 00-QGi655d 87ddepd Tl 4840 32 were pre

CHRVS

o B o200 ( depoingate Fh6ad aetpBif il B fectadey SXIRRON. 67
dec. 494. 1536 agmpeundsobthedeemuld step 1 in the procedure of Exanple 12,
conpounds of the formula CE 5 were pre

the table: ExR2ZM CHRMS 13D197 (d
Ci

' 7

aged, wher
) —

5 were prepared, wherein R2 is as defined in the table:

Ex R2 Mp (°C) HRMS
13D HC T CHa 197 (dec.} { 468.2779
13E HoN f cl 205 (dec.) | 489.2184
13F HN CHg 210 (dec.) | 469.2734
13G T 195 (dec.) | 470.2689

Hal\ ~ | Hs
NaN
13H e 260 (dec.) | 509.1634
A
SN
13I Hac I Ha 200 (dec.) | 485.2688
N
Example 14

in R2 is as defined in

e |

Step 1: To a solution of the N-BOC protected product of Example 11, step
4 (5 g, 0.012 mol) in DMF (20 mi), CuCN (20.8 g, 0.23 mol) was added.

10

The suspension was stirred under N2 at 110°C for 22 h. After the mixture

was cooled to RT, NH4OH was added and the solution graduaily turned
bright blue. Extractive work up with EtOAc followed by silica gel column
chromatography gave the cyano derivative (2.28 g, 60% yield, R; = 0.5,
hexanes/EtOAc, 4:1), the carboxamide derivative (0.95 g, 23.6% yield, R; =



13E..rte205 (dec.)489.2184 H2N | 13FH2N CH3 210 (dec.)469.2734 1: 21]'3\)| 200
195 (dec.)470.2689 ) H H3 ,, 3 Cy, Ny, N 13H260 (dec.)509. 1634 C | @‘F—E&

H3 131~ ) 485.2688 O N Exanple 14 NC Step 1: To a f the
N- BOCC prot‘é@q’g)g&ggoduct of Exanple 11, step 4 (5 g, 0.012 ﬁ%&fdéﬁ){l{?%ﬁoi (20
m), CuCN (20.8 g, 0.23 nol) was added-6d10_ The suspension was stirred under
N2 at 110 C for 22 h. After the m xture " was cooled to RT, NH4C]—| was added

and the sol ution adu d ht bl

B Onc ol | owed2g etz oeist. ST ane e omd s de R gl gt
derivative (2@ & -@%m@!aﬂxesmtoa&z%n hexanes/ Et OAc, 4:1) the

car boxam de derivative

6% yi el d 2 200 00/
-61 PCT/ Usoo/Stea®z §he B (Qﬁmwp enjhﬁc(’y bgﬂo%%g}%}@% U‘\?/Ed 0/ 56558
derivative (%ni&e&urf’c?ér acidit donfRtions @ndthelresaltarst/ drhibdcwad .cb)werted to

5 the title compound following the procedure of Example 11, steps 5 and 6.
HRMS (as the HCI salt): found 445.4970.
Example 15

Step 1: To a solution of the N-BOC protected product of Example 11, step
10 4 (1.4 g, 3.26 mmol) and CuCl (1.61 g, 16.3 mmol) in CH3OH at 0° C was

added NaBH, (3.69 g, 97.6 mmol) siowly. A black precipitate was formed.

The mixture was warmed to RT and stirred overnight. The precipitate was
removed by celite filtration and CH3OH was removed under vacuum.

Extractive work up with EtOAc afforded the desired compound (1g, 100%
15  vyield, R; = 0.55, hexanes/EtOAc, 5:1) as a syrup.
Step 2: The BOC group on the product of step 1 was removed under acidic
conditions and the resultant amine was converted to the title compound
following the procedure of Exampie 11, steps 5 and 6.
Mp. 195° C; HRMS (as the HCI salt): found 420.3016.
20 Using a similar procedure, the following compound is prepared:

@i@,@ﬁ\@

HaN - 15A
HRMS (as the HCI salt): found 441 2426

J\ \_.—/
Example 16

Step 1; To a solution of the N-BOC protected product of Example 11, step
25 4 (2.5 g, 5.8 mmol} in benzene were added phenyi boric acid (1.68 g, 13.8
mmol), 2M NaoCO3 (14 ml) and tetrakis{tri-pheny! phosphine) palladium
(0.67 g, 0.58 mmol). The mixture was stirred under reflux overnight.
Extractive work up with EtOAc followed by silica gel column
chromatography gave the phenyl derivative (1.37g, 62% yield, Ry = 0.5,
30 hexane/EtOAc, 5:1) as a syrup.
Step 2: The BOC group on the product of step 1 was removed under acidic
conditions and the resultant amine was converted to the title compound



Step 2: The BOC group on the cyano conpound of step 1 was first renoygd] 1003
under acidic conditions and the resultant am ne was converted to 5 the
title conppyafleé! oW ng the procedure of Exanple 11, steps paraRd ﬁ[

(as the HCl salt): found 445.4970. Exanple 15 0 tSteQ 1: To so? I on of
the N-BOC protected product of Exanple 1llg2step 10 4 (1.4 g, 3 26 mmol )
and CuCdl (1.61 g, 16.3 mmol) in CH3OH at 00 C was added NaBH4 (3.69 g, 97.6
mol) slowy. g@o&.ﬁﬁ‘ihé’%:ﬁ&ééﬂ&r@ %@aﬁnﬁi@rﬁe‘éteeps-rg%gﬁ‘e(ture. was warmed to RT

and stirred o B celite filtration
and CH3OH wasMperﬁﬂﬂé’d?:urlrlﬁMsv(@@d mHCEalhadeund 486:3818p with Et OAc af f or ded

the desired compounskibh g siHSPpAS:HRk deoboands BPinelieiaeS/ EL CAC, 5: 1) as

a syrup. Step 2: The group on the proguct of s Lep 1 was renmoved under

acidic conditions and the resulta 3R nertedtothetltle
conpound followi ng the procedure Exah'm,é"z :stteﬁ?fs 5 and 6. M. 195 C
016. 20 Using a simlar procedure, the

HRVS (as the HCl salt): found @
foll owi ng conpound is prepared:™2N 15A HRMS (as the HCl salt): found

441. 2|426 E:‘?(a”We?ebge &9, WhefeinaR8 @ Hs idefined irt tree f4bROC pr ot ecgedhpr Oflugt of
Exanpl e 11, ste 5 Z 570, B. Bl ) I 3 dd phenyl boric
acid (1.68 g, 2 cly rr“ml,’f‘ 2M Na2CO3 (14 ¢ wmm phenyl

phosphi ne) palkloagisym (BA67 g’\%(%}q ngpl )|. 190 @eui x| B 2884 sk i rred under

reflux overnight. Extracti r wi tfth Et OAc fpllowed byjsilica gel
col um chr omat ogr aphy ave the p yl dgrivative [1.37q, 62Poyield, Rf =

0.5, 30 hexa as a syrup. $te - The up on the
product of st 3?5\7%2 § vEdHgh tia dilc 8%(%rrt?dlt ons "and the resultant
am ne was converted fo the fitle ound 21 OCT 7303 WO 00/ (66558 - 62
fol | owi ng the procedpre—et—Exarpresti—stre ad 0 C HRMS (as
the HCl salt) 276666d 496C3319H30 NBHY S Vaq (glecpr 3c@ﬁﬁ£25 conmpounds of the
formula 5 were prepafed, whgerel N is ag defined | n the tatﬂl e: Sch 223254
223255 2?5666 PCT/ USDO11163R =

* free base

Example 17

¢ ‘. " -?"‘N,—\;\N—CN'(‘:L@

Step 1: The N-BOC protected product of Example 11, step 4 (800 mg, 1.88
10  mmotl) was dissolved in dry THF and the temperature was brought to -78°C
under No. Butyl lithium (2.5 M solution, 0.832 ml, 2 mmol) was added and
the mixture was stirred at -78° C for 10 min. The solution then was dropped
into p-chiorobenzyl aldehyde (234 mg, 2.07 mmoi} in THF at -78°C. The
mixture was stirred for 30 min. at -78°C, then gradually warmed up to RT.
15 Saturated NH4Cl was added to the mixture and extractive work up with
EtOAc followed by silica gel column chromatography gave the desired
aicohol (30 mg, 3.6% yield, R; = 0.5, hexanes/EtOAc, 2:1) as a yellow
sSyrup.
Step 2; A solution of alcohol of step 1 (40 mg, 0.090 mmol), triethylsilane
20 (52 mg, 0.45 mmol) and TFA (5 ml) in CH2Cl2 (5 ml) was stirred under
reflux conditions for 2 h. After CH2Clp, triethylsilane and TFA were
removed under reduced pressure, NaOH solution (3N) was added to the
remaining syrup. Extractive work up with EtOAc afforded the chiorobenzy!
derivative (20 mg, 68% yield) as a yellow syrup..



ExR2M CHRMS 16AH2N CI 190 (dec.)517.2754 & 16BH2N .r,~. CH365-70"4 1%%@9})3
16CH3C 1 CH3190 (dec.)498. 3225 NON free base Cl Step 1: The N-BOC protecte

product ofy&Eyseske 11, step 4 (800 ng, 1.88 10 nmol) was dpsrk ek dry
THE and the tenperature was brought to -78 C under N2. ButyTéfit rum (2.5 M
solution, 0.832 M, 2 mmvl) was added ang3-the m xture was stirred at -78 C
for 10 mn. The solution then was dropped into p-chlorobenzyl al dehyde

234 nmg, 2.07 Wn TH : ) j 30 mn.
787G, i e aud b oeuEh el 3 whRporR RIS MRS LobBANtC et To
the mixture afuflowing the proeedord ofiExampte 1kt si8es Sanbie iyl 79071 ¢ ddegsl

I h then.desi hol (30 , 3.6%yield, Rf =
S?Stjnﬂeia[lgg?%gﬁgg:t%@ ga&ﬂ}eﬁjo#g%@?hg? gt eé 22:rrgA sol ut iyl)ﬁ of al cohol

of step 1 (40 ng, 0.090 mmol), triethExampi®dd 20 (52 ny, 0.45 nmol) and
TFA (5 m) in CH2CI2 (5 M) was stirred

under ref%lux conditions for 2 h.
After CH2Cl 2, triethylsilane and N@dﬂ@der reduced pressure,
NaOH sol uti on (3N) was added r e ni syrup?y Extractive work up
with Et OAc afforded the chl orolpenzyl derivative HRO ng, 68% yield) as a

ellow s .. 21 OCT 2003 WO 00/66558 -63 PCT1US00111632 Ste O T r oduct
gf step g vvgsﬁéﬁmiéﬁ'tcéﬂ spbﬂmeoftth@|"é%&?ﬁﬁ&‘ede%Pf%ﬂdHa’%Pﬁ&VE&%ggh e of
Exanpl e 11, stgsso Bompodufid J¥Exatipleq 4 dtap ) (516IRg 1(24 mmel) CEtzf2I(4 ) f ound
544. 3101. Exanpl.e e td f Bf&owagot ect ed
4- pi peri di nyl ap@érqq]%qsw %%%Mgétr?g;éi%n gc??r%@ﬁ‘r?% %?%Ei}éjpﬁ%, st eg 1 (510
ng, 1.24 mmol stifrad Ender fefiux Jvernight addted Ve OHEing Bras(cpaied onicerbatbpwi se
manner. T, ' I A r ' | ution
nas cool ol on 1ERHAEL R, Bt SHER A el Aniure ?Séé@g%mé %ﬂ%"tﬁ“’%ﬁ‘x?ﬁ? nas
stirred on a Ztheafhesohutioorwag cpolethe Rbpod; soiolaClHd ralets WS‘W@%@ sol i d
NaCH pel | et s yafihadsie vasumbre tHare1 pHEwractive worlhap with. E1©Ac/&H30R wor k up

e iy atioidda fhe dBarad iy Relor&' (218! MY! 6 12',088) 68 &%y, 1%
Step 2: The product of step 1 was treated according to the standard DEC
15 peptide coupling procedures of Example 11, step 8, to obtain the title
compound. Mp. 210° C; HRMS (as the HC! salt): found 483.2522.
Using a similar procedure, the following compound is prepared:

N ? V=
org\NuNcN N
' 18A

Mp. 210° C (dec.); HRMS (as the HCI salt): found 463.3088
20 Example 19

MeO=py rg/imbNBCNi@

Step 1: To a solution of the product of Example 22 (140 mg, 0.29 mmol) in
CH30H (10 ml) and EtOH (1 ml) were added NH-OCH3-HCI (738 mg, 8.84
mmol) and NaOAc (725 mg, 8.84 mmol). The suspension was stirred at 40

25  °C overnight, the soivents were evaporated and water was added to the
residue. Extractive work up with EtOAc followed by silica gel
chromatography generated the title compound (99 mg, 68% yield, Ry =
0.38, CHoClo/CHa0HR, 20:1). HRMS (as the tartrate) calc'd. for
CaHasN4O2 (M+H™) 505.3543; found 505.3542.

30 Using a similar procedure, compounds of the formula




to 2. The product of step 1 was treated according to the standard D&d [][:1152303
peptide coupling procedures of Exanple 11, step 6, to obtain the title
conpound. W eosssss C HRMS (as the HCl salt): found 483. 2522@&@

simlar procedure, the follow ng conpound is prepared: O N lOﬂﬁa 210
C. (dec.); HRMS (as the HCl salt): foungg463.3088 Exanple 19 St_ eg 1: To
a solution of the product of Exanple 22 (140 nmg, 0.29 mml) in CH3OH (10
m) and EtO4 (1 m) were added NH2OCHIHCI (/g8 , 8.84 mmol) and NaOQAc
(725 ny, 8.84 mmol). The suspensi gn Was 1 40 25 C overnight, the
sol vents were evaporated and mﬂ{@@?h}adw@ resi due. Extractive
work up with Et OAc fol | owed byg ca g onmat ography generated the

titl d (99 68% vi el HRVS
he tartr at qiers plogBred Wpiaif it i ary Ff aid s BNt R G fegog FUALAS
Usi ng a si mijl &x )rocedﬁla% corrpomﬁds of t h&% or mul arﬁp (f’C(:)
00/ 66558 - 64 F CHRVE TOAT O FBHHF-2N CITO4ZRID 2 “{dec.)
NOCH3 H3 195@-?7‘:: gg%?& 33447H 3 19 M%S
H3- - 506. 3494 C- N 1.~ 18¢508. 3E9 d d~ (dec.)
198 focHs H 150 | 492.3344
HC—C— (dec.)
19C fjocrzCHs 1y - 506.3494
HaC-C—}
OH - w———
19D Hac_ﬂ_; O | we Lo | 180 | 508.3296
A l (dec.)
Q
19E | -CHs ~
HaC—C—} HSWH:; ;95 493.3291
Ny N {dec.)
Example 20

: Nk H4C
]Q/\ K,Nm

5 Dissolve the free piperazino-piperidine of Example 11, step 6 (1.7 g,

3.3 mmol) in CHCI3 (30mi; = Stock solution A). Add 250 ul of stock solution
A (0.027 mmol) to a slurry of 0.15 g (- 0.14 mmol ) of resin bound
cardodiimide (prepared by reacting Argopore-Cl resin with 1-(3-dimethyi-
aminopropyl)3-ethyl carbodiimide in DMF at 100° C in DMF (1.5ml) in a

10 polyethylene SPE cartridge. To this mixture add 75ul of a 1 M solution of
5-methyl-3-phenylisoxazole-4-carboxylic acid in DMF (0.075 mmol), and
HOBT (24 ul of a 1M solution in DMF). Shake this mixture for 14 h, filter
and add 0.1 g of Amberlyst-15 resin (0.47 mmol) to the filtrate. Shake for
1 to 2 h, filter and wash the resin twice with each of the following solvents

15 THF, CH2Cly and CH30H, then wash with THF and CH2Clz. Treat the
resin with 2M NH3z in CHzOH (1 time for 30 min, and 1 time for 5 min).
Combine and concentrate the filtrates under reduced pressure to afford the
title compound. LCMS found MH"= 599.1 (calculated MW 598); TLC R¢=
0.74 {(CH2Cl/CH30H/NH40OH (95/5/0.5)).




0 WOH 19EH3C- -G - -CH3HaZH3195493. 3291 1 NyN(dec.) Exanple 20 5 Di 5301 \%T 0
the free piperazino-piperidine of Exanple 11, step 6 (1.7 g, 3.3 mmpl) in
CHCl 3 (30nWwo oes68633ck sol ution A). Add 250 ul of stock sol ut iroT/US0(1D63327
mml) to a slurry of 0.15 g (- 0.14 mmol ) of resin bound cardodiim de
(prepared by reacting Argopore-Cl resin8bth 1-(3-dinethyl-

am nopropyl )3-ethyl carbodiimde in DMV at 1000 Cin DM (1.5nm) in a 10

pol yet hyl ene SPE C@éﬁw?'tﬁﬁ?roé@idrelaﬁoﬁbmlm theAaispropratedamokyht aoidst i on of

5- et hyl - 3- phenyl i soxaz 4-carboxylic acid in (0.075 nmol ), and HOBT
(24 ul of a 193¥estejell BW"IQrP%F‘?”“ ake this mxture for 14 h, filter and
add 0.1 g of Anberlyst-15 resin (0,47 |) to the filtrate. Shake for 1
to 2 h, filter and wash the resinftwced with each of the foll ow ng sol vents
15 THE, CH202 and CH3OH, then wgstrwith CHZCI 2. Treat the resin
wth 2M N -13 in CH30H (1 time for 30 mn, 1 gtnme for 5 mn). Conbine
and concentrate the filtrates under reduced pre§I§ure to afford the title
conpound. LCMS found M= 599.1 (cal cul ated MV 5D TLC R _ 0.74
(CH2C 2/ %O‘Wh’b@ﬁﬁaﬁa@/dbfﬁ)ah mIR\ePﬁEﬂMSOO/ 11632 vvere reared, wherein RS,
R6 and R2 arf % =TTned_pbn the tab WO |00/ 66558 - 65
PCT/ US00/ 116825¥si ng theRprocedJre § vmt 'ﬂb o riate carboxylic
aci ds gave the follow ng conpouhds [BSYHS 0 resul t sRf val ues
20AF M+ = 6D0sdf. P2 1 E’jﬁ=6. 56 WHw = 600.1 0.92
ks | R =6.56 min.
208 HoN, & MH+ = 601.1 0.63
Y Rt = 5.69 min.
Ci
20C HECQ/C“a MH* = 560.1 0.60
ks Ry = 5.77 min.
CHa
20D g_& MH+ = 588.1 0.66
HeG  CHa Rt =6.61 min.
20E Fs MH* = 604.1 0.87
¥ Rt = 5.60 min.
F
20F | Hyco 2" MH* = 658.2 0.86
% Rt=5.69 min.
OCH;4
20G @. MH* = 608.1 0.43

O Rt =6.17 min.
y

20H MH+ = 568.1 0.57

O Rt = 5.67 min.
¥

201 MH*+ = 586.1 0.63
2‘63 Rt = 6.02 min.

20J MH+ = 558.1 0.33
; Ry = 5.35 min.

20K _(@ MH* = 546.1 0.52
: Ry = 5.37 min.




601.10.63 YIRt = 5.69 mn. C 20CH3 CH3 M# = 560.10.60 V

20BH2N ClI MH+
~Rt =577 m
604. 10. 87 éSSGO mn. 20FH3CO JrM+ = 658.20.86 Rt = 5.69 nin. OCH3
20GCMH+ ="¥O8Y4%5%%3 Rt = 6.17 nin. 20HVH+ = 568.10.57 Rt = BCEUSHMEIDOIMH+
= 586.10.63 Rt = 6.02 mn. 20JMH = 558.10.33 At = 5.35 mn. 20KMH+ =
546.10.52 Rt = 5.37 min. CH3 wherein RZ Ys as defined in the table: 21 OCT
2003 wo 00/ 66558 -66 NC PCT/ US00/ 11632 Step 1: The BOC group on the cyano
conpound of Exanple 14, step 1, was Example@toved under acidic conditions

and the resulting amne (1.59 g, 5 63:96fmmmol ), letent
. N (O Pr)4 (2.18 g, 7.66
ver m-ght \2 M BefAICN (8.35 nml, 8.35

but oxycar bonyl - 4- pi peri done (1.
nmol ) in CH202 were stirred a‘t)!g
mmol ) was added, the m xture s stirred overnight = at RT and the sol vent
was evapor at eStepSat ThaBGICNFbGP®vihe cyitedceropound of Exampie dddsieptt.acti ve
work up with foll i~ r ecker
ani ne ns &y Fo¥EE tndles SeldisRondisrS A e Rgind A AN 17 S 4
2:1). 5 ~ 6.96 mmol), 1-tert-butoxycarbonyl-4-piperidone (1.66g, 8.35 mmol) and
Ti(OiPr)4 (2.18 g, 7.66 mmol) in CH2Cla were stirred at RT overnight. 1M
Et,AICN (8.35 mi, 8.35 mmol) was added, the mixture was stirred overnight
at RT and the soivent was evaporated. Saturated NaHCO3; was added to

s

CH3 20DVH+ = 588.10.66 H3C CH3Rt = 6.61 min. 20EF3NHF 0€7 2003

the residue and extractive work up with EtOAc followed by column
10 chromatography gave the Strecker amine as a yeliow syrup (1.76 g, 58%
yield, R = 0.70, Hexanes/EtOAc, 2:1).
Step 2: The amine of Step 1 (200 mg, 0.46 mmol) was dissolved in
anhydrous THF (2 ml) and 3M CH3MgBr (0.76 ml, 2.29 mmol) was added
dropwise. The mixture was stirred at RT overnight and then cooled to 0°C.
15  Saturated NH4Ci (10 ml) was added and a precipitate appeared. Water (40
mi) was addded and the precipitate disappeared. Extractive work up with
EtOAc followed by column chromatography gave the desired ipso-methyl
derivative (169 mg, 86% yield, R; = 0.53, Hexanes/EtOAc, 2:1).
Step 3: The product of step 2 was treated in the manner described in
20 Example 11, Step 6, to obtain the title compound. Dec. 198°C; HRMS (as
the HCI salt): found 460.3079.
Using a similar procedure, compounds of the formuia

N 0
NC/O’\ N\_JNACN JLRZ

were prepared, wherein R2 is as defined in the table:

Ex R2 Mp (°C) HRMS
21A HN ; o | 205(dec.) | 480.2532
21B N 65-75* 476.3033
"N e Mp for th
* Mp for the
o“ N free amine
21C c T o 250 (dec.) | 500.1992
|
21D | X _cHs 185 (dec.) |- 461.3019
NN




Step 2: The amine of Step 1 (200 ng, 0.46 mmol) was dissolved in anh%qrmsm:;
THE (2 m) and 3M CH3MgBr (0.76 m, 2.29 nmol) was added dropw se

m Xt ure weyodolskésgd at RT overnight and then cooled to OC Mﬁ%ed

NHAClI (10 m) was added and a precipitate appeared. Water ( 5’ was

addded and the precipitate di sappeared. Eggractive work up with EtOAc

fol |l owed by col um chromat ography gave the desi red | pso-net hyl derivative

(169 ny, 86%yield, Rf = 0.53, Hexane Iﬁé % Std: The product of
step 2 was treated in the manner desc |n 0 Exarrple 11, Step 6, to

obtain the title conmpound. Dec. 198 '- Cl salt) f ound
460. 3079. Using a simlar procgdu orrrul a NC ExR2M
CHRMS 21AH 2N205 (dec.)480. 25323%ZT8H H36 - 5* 6 3033 NWp for the Otree
amne 21 C250 (dec.)500.1992 Cf 21 DH _C .CH3195 (dec.)461.3019 N'N were

d, wherei 1 58
reared. wher of th'a? 1 Tha Sifsdkelening fEdiR Eﬁhhpﬂe 23 st@ G Tsé’d)ﬁ?g B DRIrRE!

CCon 1 (350 navas eateP RN CHAMEEF (8 olenl. B T pibol Eizé’%’é i)} SHEED) 7
Et 20 ﬁ, 3 aﬂatsegmtﬁtdumté overbighndibe witurveas cobled oﬁteerandwager\é(/ggn wdrfgdt ﬁg
e e oL agadl drofise sﬁéﬁﬂt@t?ﬁ Whipfias Seliang e B waE e d B, oG
on ice, NaOH vasteamdbath fort2 h. Mrphemm:xm“aslamleﬂtom et%a;@ls-l was

Extractive mr%ddﬁhe%@%%ﬁ @bﬁ?ﬁ' “%sfg[b% ReD. nExf?éc pHP;Eéﬁﬁtﬁ (le

100% yi el d) ste Was conver
conpound foI |5tmc@atfn@q§1e@tre@eammma$ ﬁ@yﬂrm(f'&i'ume, dl@@%rylalﬂi in Exanple 11,

step 6. 8%5?; CThF?Y&&M%té‘& Q. ﬁé! éon\!«&teftgtoath&' tifle! G8mpbeREdur e,

conpounds of t or mu were reared, wherein is_as defined i the

table: Ex. RoMiclipwingtbapenticescauplingprogedive qese‘m@tﬂ Exammiedd4siep
Mp. 80-85° C; HRMS found 476.3271.

Using a similar procedure, compounds of the formula

Y@Abx:)k

15  were prepared, wherein R2 is as defined in the table:
Ex. |R2 Mp (°C) HRMS
22A | R Hs 195 493.3172
(dec.)
o<
22B | Hal Ha 200 478.3178
N{y,'\, (dec.)
Example 23

O’\\,Nb%

HCI salt
Steps 1-3:
o CO,Et CO.H
1. Cs2CO3 formamidine \I)Y NaOH,q W
00 CO,E 2. CH3OT CO,E acetats NN

Step 1: Ethyl diacetoacetate (93.4 g), Cs,CO3 (185 g) and CH3CN (550
mi) were mixed together, using an overhead mechanical stirrer. CH3CN



N'N(dec.) Exanple 23 F3C Steps 1-3: 000" HC salt 20 N-~ LN Cﬁlﬁtm 00
C02H 1. Cs2CC3 A forrnamdine NaCOH, , CH3 r%2 CHIf t t E ace a e N. lzIN

N COZEt .wodbsedss? St en 1: Ethyl diacetoacetate (93.4 g), P@ﬁ‘ﬁgﬁ)@n{ 85 9)

and CH3CN (550 m) were m xed together, using an overhead nmechanica
stirrer. CH3CN 21 OCT 2003 wo 00/ 66558 685d’CTI USOCO 11632 (50 m ) was added
and the resulting m xture was cooled to OC. Methyl trifluoronethane

ooy onane B0 PaPnipas 40EE NPRLES ARG rAkAEL WA ESIBR g doEC AR I Path
zglmtjis n\évgr : ngasﬁgoﬁtﬂétmmtémwfégmﬂ%;gﬁgm:?ﬂg ;.?tlg?n |

. t f‘l . i tir h I ereaq,
the 111 cad Y A e e
bath and wasshegxteass warkltopsisihed and@t,Q (BO0athiwdspatdded.1Theresulling0 | ayer

B o S B e g o eRekal St G BSOS FBBPE ey
in the next stERO &keactdwdaeegnbided andfevapepated(tohal wlumeodTenselutioni de
' ethanol was cooled in an ice bath and washed once with cooled (0°C) 2 N NaOH
(pH = 11). The Et,0 layer was dried over MgSQ,, filtered and evaporated
10 to give the desired product as a yellow liquid (64.7 g) in 65% yield, which
was used directly in the next step.
Step 2: The product of step 1 (64.2 g), sodium ethoxide in ethanol
(commercial solution; 21 wi%; 113 g) ethano! (587 ml) and formamidine
acetate (36.2 g) were mixed together at RT. Atfter refluxing for 4 h, the
15  mixture was cooled to RT, the resulting precipitate was filtered off and the

ethanol was removed under vacuum. The resulting liquid was partitioned
between water and CH,Cl» and the aqueous layer was extracted with

CHoCl, (8 x 150 ml). The CH2Cl2 extracts were dried over MgSOQa, filtered

and evaporated to give a dark crude liquid (50.7 g) which was purified by

20 silica gel chromatography (980 g; 4:1 hexanes:EtOAc as eluant). After
evaporation of the appropriate fractions, the desired product (28.5 g) was
isolated in 46% yield and used directly in the next step.

Step 3: The product of step 2 (28.1 g), NaOH (6.72 g), water (65 ml) and
EtOH (130 ml) were mixed together at RT and heated at reflux for 1h. The

25 resulting solution was cooled to RT and the volatile materials were removed
in vacuo until a thick paste resuited. Water (20 ml) was added, the mixture
was cooled to 0°C and conc. HCI (14.3 ml) was added dropwise with
stirring. The resulting white precipitate was collected by filtration, washed
with ice water (2 X 10 ml) and air dried with suction for 30 min. The

30 resulting white solid was treated with toluene {2 x 20 m!), the solvent was
removed in vacuo at 50°C and then dried under vacuum (1 mm Hg) for 18
h. The desired product (14.9 g) was isolated as a white solid in 63% yield,
mp: 176-178°C. Elemental analysis of C;HgN202: calc'd C 55.26%, H
5.30%, N 18.41%; found: C 55.13%, M 5.44%, N 18.18%.

35 A second crop of product was isolated by evaporation of the
aqueous filtrate (from above) to dryness and addition of water (20 ml). The
resulting mixture was stirred at RT for 5 min, cooled in an ice bath and the
precipitate formed was collected by filtration. The resuiting solid was



(commercial solution; 21 w% 113 g) ethanol (587 nl) and fornani di neZ 1 0CT 2003
acetate (36.2 g) were m xed together at AT. After refluxing for 4 h, the 15
m xture wawowooeésssl to AT, the resulting precipitate was fil reresomiresand

the ethanol was renoved under vacuum The resulting liquid was partitioned
bet ween water and CH2Cl 2 and the aqueous68ayer was extracted with CH2Cl 2

(3 x 150 mM). The CH2A 2 extracts were dried over MgSO4, filtered and
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desi red pnodudiaifSid, dilgyedasd ievaparater.a$ha resulting soudel ojl wasspyrfied BY  np:
176-178C. El eng ' mﬁl\% 3 ! SHSRYE 0N
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t oget her and _ Wa [ portiofNs over 15 min. The resulting
ni xture was hegitasia athite5olidfinO7%8yRld. e ePH6RE - dil uted with Et OAc (80
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purified by si{uge.gel chromatography (170 g; 76:19:5 hexanes: Et OAc: Et 3N
as eluant).  After gygpofatd ahiGhe!diivalivs Bhigtunds BEld fate Ushg Sirfitaroase

formof the title
procedures:
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25 O CHi3 HClsalt 23A
Steps 1-2:
CHa CO,Et

0
A NN NaOH. SN
MOCH;; HN NHa.HCi ri N N N

COzEt T ’ \I,/

Step 1: The product of Example 23, step 1 was treated in the same
manner as in Example 23, step 2, substituting acetamidine hydrochloride

30 (2.03 g) for formamidine acetate. The amounts of the reagents were:
product of Example 23, step 1 (4.0 g), ethano! (20 ml) and sodium ethoxide
in ethanol (commercial solution; 21 wi%; 8.03 g). After extraction and




conmpound (5.21 g) was isolated as a |ight coI ored foamin 91 %yi elq @]e@@
12 5: To a cooled (0C) solution of the free base of step 4 (2.00 g) "an

Et OAc (20wd goses8s8 added HCl (3.0 ml of a 4.0 Msolution in igfl,g,F A% -

The resulting m xture was warmed to RT, diluted with Et20 (2 @
filtered, washed with Et20 (2 X 20 m),ma.ir dried with suction for 10 mn
and then wunder vacuum (1 nmmHg) at 90C for 5 h to give the title conpound

analysi & of - POTRCRIGELRES U5 pryShe? ALy g nrBRuct wils Iigead FOEEEE O\ 1) 60

d 12.11 % tolngss ligusisndids vield, wbigh Nawwgo;dlregﬂy lruhezm%t S46 i t i onal

di d t g F. C
DL eos 1. 2SR THE GRERRYBFGISHCL B1 7R vasf RIS ] g sankt Rl 23@ Se CooE
HN NH2. HCO  Exagple R, eispes. liSImmn%l|(§t@3/,mﬂiest(§;§n'iaﬂ¢r‘.€aacbﬁdd 9)-of

Exanpl e 28, aePektruBlor ARARA |f|b§tléﬂﬂﬁs%fé§%rlb§§@mfveaﬂ1el proByanwae 23, step

Zierare. TholdbhanToE o) ASaml SOt 5% vt Sutids Wae Bes N S, 4

(4.0 g), ethpesl sté 0 rr1) and sodi um et hoxi de in ethanol (comerci al

%90 peTl UscoRiaRS Tk pibtuef o Falbl 3¢ blelll M0sh. Shifsle profief Oy e >

i solated (1.2 (gmnmdlaiely(abmﬂel) ¢8.928i gjuwvere aublectm/liOetha same tﬂﬂqmg used
directlygn hgﬁm%ﬁé a§tlﬁ'Exan§5lSE<32 ste-rrﬂ‘ﬁ gélﬂg%s‘?f@?ég@g bEC (45 2""35

treated Iin t ethanol 5m),
wat er (5 m ) disepreaviethylacigy (48 mgk %"r‘d QMF&E{ actieR@dnsh a
descri bed abﬁlﬁﬁiacéthﬁl @é aés@ﬁbé@ﬁabow Qhét;ﬁddﬁ@t was @bnaért@d V&hlté HCSQdaltd in 8%
yi el d, which Hsed rectl L}/ % eE

usmgt e procedure (o] thned or Example 23, step 5 to give the title

compound (77 mg) as a white solid in 97% yield over the two steps. mp:

15  185- 190°C

L' fhs HaC, N
F C’Cr\ b \“)’Y

CHa HCisalt 23B

St ggs 1-2:
9 CO,Et COH
OCHa HN""NH,. HCi\(l\( ~NaQH,.. W

A I

Step 1: The product of Example 23, step 1 was treated in the same as in
20 Example 23, step 2, substituting benzamidine hydrochloride {3.35 g) for
formamidine acetate. The amounts of the reagents were: product of
Example 23, step 1 (4.0 g), ethanol (20 rhl) and sodium ethoxide in ethanoi
(commercial solution; 21 wt%,; 8.03 g). After extraction and purification as
described above, the product was isolated (4.5 g) as a liquid in 82% yield
25 which was used directly in the next step. _
Step 2: The product of step 1 (4.5 g) was treated in the same manner as
Example 23, step 3, using ethanol (10 ml), water (10 mi) and NaOH (2.0 g).
After extraction and purification as described above, the product was
isolated (3.0 g) as a white solid in 77% yield which was used directly in the
30 next step.



next step. Step 3: The product of Exanple 4, step 6 (0.05 g), and thg1grT 72003
product of step 2 (immedi ately above) (0.028 g) were subjected to the sane
reacti on Moogrsetsd i ons as in Exanple 23, step 4, using HOBt PCRUSHMI)L3I2DEC
(45 nmg), diisopropyl ethylamne (40 ng) and DM (1.5 m ). After extraction
and purification as described above, thélproduct was converted to its HCl
salt wusing the procedure outlined for Exanple 23, step 5to give the title

conmpound (77 Cg%)p d@é@te\éﬁp@e?ggsi %%%@ﬁ?@mkﬁzwaw@, artetHevwrogiuepst.step: 15

185-190C. F3 : 42 . HCI Et _Q - Stepl :
The product 02(imﬁﬁ@liﬁb@?&@%’W@é”?rlee%{{bé%ct?ﬁt?ﬁ%oezﬁwg rggg{ﬂ%n 20 II%xarrpl e
23, t SE ep '%h Sbﬁ}?diii(%hg gfgq}g Eqam Qa?gté];ydrmihg HOBL{353M8h @EC}‘(SB )8 mtam dilne
acetate. The amounts .0 ere S _\were: J . ste

(4.0 g), et haﬁiéﬂC’P(‘?@Wrﬁ“)"y'éﬁﬂnggg&@m%)tw)ip&@f ﬁ”ﬁhﬁﬁ%ﬁ &(‘?écgg'r%ﬁeaﬁ al

sol ution; 21 phfficationhylescitiets alpove,abeipsodutiovasiconverted tontsdCl g% cr i bed
b , th duct I sol at eq,. § QUL dei A 25 whi ch
tas. used di Feuing the rptedd, iRk xR 29, Mep 5B gt Ml =5 T B0
treated in theompoenddddengpas athS@ingm 98%afield ovesthey e B8RSt (10 nl),

water (10 m) _ang N 2.0 g). After extraction and purification as
descri bed abo@%d:g%tﬁztjct was isolated (3.0 g) as a white solid in 77%

yi el d which was usgd di fec %y in the 30 next step. HC salt 23B co2Et CO2H
2 1 OCT 2003 WO 6% 3H /33500111632 Step 3: The product of Exanple
4, step 6 (75rg@) ¥ and rodugt pf step 2 (inmmediately above) (39 ny)
were subjected to the sane detiepN conditions as in Exanple 23, step 4,

using HOBt (35 ng), DEC (53 ng)g d'iai"i(g% apy! ,gphy! amine (100 ng) and DWF
(2 mM). After extraction and 5 purifi lt Bn” a&§ Uescri bed above, the pr oduct
~was convefg edStgpg 1@:HCl salt using the procedure outlined for Exanple 23,

step 5 to givewd title cong (98 ng) as ampi e solid in 96%vyield
over the two stepps. npCPBA- 253C NayCO3
; = —m 1 = e 1 =
NN NoN.g Hz0 NN

Step 1: The product of Example 23, step 2 (528 mg) was dissolved in
CHCly (5.0 mi) and meta-chloroperbenzoic acid (mMCPBA) (600 mg) was

added in three portions at RT. The resulting mixture was stirred at RT for
15 24 h and CH,Cl, (2 ml) and mCPBA (200 mg) were added. After 3 h, the

mixture was poured onto a silica ge! column (40 g) and eluted with 1:1
hexanes:EtOAc and then 10:1 CHoCl,:CH3OH. After evaporation of the
appropriate fractions, the product was isolated (51 2 mg) as a waxy white
solid in 89% yield, which was used directly in the next step.

20 Step 2: The product of step 1 was dissolved in CH3OH (1.8 mi} and a
solution of 1.0 M Na,COj (1.5 mi) was added. After stirring at RT for 36 h,
the resulting mixture was evaporated to dryness, toluene (2 ml) was added
and the mixture was evaporated to dryness. The resulting crude solid (153
mg) was used directly in the next step without purification.

25 Step 3: The product of Example 4, step 6 (94 mg), and the product of step
2 (immediately above) (76 mg) were subjected to the same reaction
conditions as in Example 23, step 4, using HOBt (82 mg), DEC (130 ma),
diisopropyl ethylamine (0.14 ml) and DMF (0.25 ml). After extraction and
purification by preparative thin layer chromatography {1000 uM silica plate;

30 95:5 EtOAC:Et3N eluant), the free base form of the title compound was

isolated (52 mg) as a foam in 40% yield. HRMS: calc'd: MH":
Cp7H37N5OpF 3 520.2899; measured: 520.2908.



F3C 0 10 Steps 1-2: EtO.,-OCH3 HCl salt 23C Et0 O HO..0O nCPBA ° 2 YOCT 2003
Na2CO3 11 NON N'NO F-120 N'NO to 1: The product of Exanple 23, st F]%E
(528 ny) el ved in CH2C 2 (5.0 m) and neta-chlorop clt}‘(’u ' cid

( MCPBA) (\é\%g)drér’g was added in three portions at RT. The re?trj rgr?g)lfrﬁsgture
was stirred at RT for 15 24 h and CH2Cl 272 nl) and nCPBA (200 ng) were
added. After 3 h, the mxture was poured onto a silica gel colum (40 g)

vapor at o ofSeR THE PR e 2155 M hatos dnibhiEH 6. EE 1RARIAh o o1,

nmg) as a waxy camditionssiol Exampie 2BYstepb cysingii EQA®S! .09l agidrCt (4:0iM t he

next step. 20 . dhes C L S50 | (1.8 m)
and a sol uti&%‘@?or%%tl%l%%bgiﬁ& t?ﬂ ) méé‘%@’égﬁi’%m/egﬁ”éste?ﬁ#?ﬁfat RT
for 36 h, thd44&Esmg)iasa white sob \'mze%vﬂptdr.an@dde@omp%m?bpwa@ﬂefi(2 m )
was added cand the y3i; J=y aiesa f JTlaemi@sul ting crude
solid (1535 ngy) ms%‘égﬁirﬁilérﬁggﬂ% I nzt %%@?%?ﬁ%gmqehout up;ﬁl;ri fication. 25
Ste Q 3: The product of Exanple 4 ~eprg €94 ng), and the product of step
2 (imedi ately above) (76 ng) we 3 3Itlg$t§e e reaction
conditions as in Exanple 23, B?%p , ustng t ZI’E), DEC (130 ny),

dii sopropyl ethylamne (0.14 m) and DVF (0Os N After extraction and
purification by preparative thin layer chromatggraphy (1000 p. Msilica

plate; 30 95:5 EtQAc: Et3N eluant), the freg base formof the title conpound
was isol at ed We2 mpégp%reﬂowhermnﬂwoﬁmgi@remﬂeﬁ w{yﬂet@H%

C27H37N502F3:| §20. 4899; measur ed: Sp0. 2904 #.p€)T 2003 WO 00/ 66558 - 72
Cl Std: The grouucti of—SLeEp 3 T)Z_nﬁ wWas suo‘h%(lz_ﬁgu T¢ the reaction
conditions irn B3Bhmlle 28LFstents iMdhhg Etload % o{) and HO (4.0 M
sol ution in 3, 43¢ gxane,cF5 |) |to m@E, affteriggpnk3up| the title conpound
(44.5 ng) as [ wrotjg Sof[gd 1 [10% y\l d. np. ;22)9032 0osfi on above 161 C. 5
Using simlar ,taagredurPQCFj he ¢compd s—oflt %ud N B H Q

23G -CF, -NHCONHE! 184-190

23H -CF, -CF, 83-86

23l -CF, i—<] 154-159

234 -CF, -SCH, >176 (dec)

23K -QCF, -CH, 205-210

23L -OCF, Ph 2339-242

23M -OCF, -OCH, 200-210

23N -QOCF, -OH 185-191

Example 24
10 Aryicyclopropylamides
Method A: o
o | Cl i
B GNP S ¢ § W ik
& Stille Coupling @) i TFA, CH,Cly
Cl Me Me

F o N
N;EO Cl 24A
F

Step 1: To the stannane (0.39 g, 0.95 mmol) in DMF (10 mi} was added
the 2-chioro-4-fluoroiodobenzene (0.73 g, 2.86 mmol), Cul (0.19 g, 1.05
15 mmol) and tetrakis(triphenyliphosphine)palladium (0) (0.11 g, 0.095 mmol).




NrRl1 LNH3\1.~ 1 were also EX. Re'" R"RMP. C 23D CF- OH175- 185

23E- CF, - OCH169- 173 23F- CF, - NH200- 210 23G- CF- NHCONHEt 184- 190 23H- CF- 23118&3{:-@803
231- CF3---al154- 159 23J-CF- SCH>176 (dec) 23K-OCF, - CH205-210 23L- OCFPh239-242
23M OCF- OMPO0/56588 23N- OCF- OH185- 191 Exanpl e 24 10 Aryl cycl BEFUSVHESes
Method A° O Bu3Sn L,. + C O CH3 reared,_wherein R'" and R' are as defined
in the table: OH Cl Stifle Coupling F3C¥%T/U500/11632 0O i (CH3)2SCH2 ii.
TFA, CH2Cl2 -ON ,"OCl 24A F Step -1: To the stannane (0.39 g, 0.95 nmol)
in DVF (10 m Theasaaierewaststised-atiR buodar N}, tasrdii mddberrgaotion mixtarg was 86

(0 (o.11 o 8208815 EaT 2 fiRsterdithogl< Ao Thao S AP ERERRS The
reaction was Seliter wa@shingpvith RSACNT hediltrate was washpdagth wateriand Pendas
and dried (MgS0O,). Filtration and evaporation of the solvent in vacuo
5 afforded a residue that was preadsorbed on silica gel. Purification by silica
ge! chromatography (4% EtOAc/hexane) yielded the arylacrylate (0.19 g,
78%), which was used directly in the next step.
Step 2: To trimethylsuifoxonium iodide (0.18 g, 0.81 mmol) in DMSO (1.6
mi) was added potassium tert-butoxide (0.09 g, 0.81 mmol). The reaction
10  mixture was stirred at RT for 1 h, at which time the arylacrylate (0.19 g,
0.74 mmol) in DMSO (1.6 ml) was added. The reaction mixture was stirred
at RT for 5 h and water was added. The mixture was extracted with EtOAc.
The combined organic layers were washed with water and brine and dried
(MgS0,). Filtration and evaporation of the solvent in vacuo afforded the
15  arylcycliopropyl ester that was used directly by taking up into CH,CI, (3 mi)
and adding TFA (0.5 ml). The reaction mixture was stirred at RT for 15 h
and then concentrated in vacuo to afford the aryicyciopropylicarboxylic acid
(0.14 g, 91%-2 steps). Without further purification, the carboxylic acid was
coupled to the product of example 8, step 3, using the procedure of
20 Example 8, step 4 to obtain 24A as the HCl salt. HRMS (M+H): found

566.2561.
Method B:
i Br\/\Ci
. PTC, 50% NaOH F
. 45 OC @%/OH
@f\N i. ethylene giycol, 100 °C o
quantitative ™~ Me Me

«'\
Fapg LN%}, 3
24B g—@

F
To the 2-fluorophenylacetonitrile (0.80 g, 5.92 mmol), benzyltriethyl-

25 ammonium chioride {0.03 g, 0.12 mmol), and 1-bromo-2-chioroethane (1.70
g, 11.9 mmol) was added 50% aqueous NaOH (3.5 mi). The reaction was
stirred at 45 °C for 21 h and ethylene glycol was added (3 ml). The
reaction was then warmed to 100 °C and stirred for 7 h. Upon cooling to
RT, the reaction was diluted with water and washed with EtOAc. The

30 aqueous layer was acidified to pH 2-3 with aqueous 8N HCl. The acidified



added to Et20 and the heterogeneous solution filtered through a bed

celite, washing with EtOAc. The filtrate was washed with water and b %ET'ZU{H
and dri ed v Filtration and evaporation of the solvent in vacuo 5
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h and then concenusﬁ{gegm"gr pASEHRIUrEs 2thlebdmpHEnds # MEiRRLRPY! carboxylic

acid (0.14 g, 91 % 2 steps). Wtho e figt her purification, the carboxylic
acid was coupled to the product a,qul e 8, step 3, using the procedure
of 20 Exanple 8, step 4 to obtai 4A'\%1 e HCI salt. HRV6 (M+H): found
566. 2561. Met hod B: Bra/ SCl 0% . ethylene glycol, 100 C
guantitative 24B F To the 2-fl uorophenyla rl|%1(0 80 g, 5.92 mol),
benzyltriethyl 25 anmonium chloride (0 03 g, O, and

1- brono- 2- chi oroet hane (1.70 g,
stirred
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aryl cycl opropyl acid was coupled to the prdduct of exanple 8, step 3;
5 the procedure of Exanple 8, step 4 to obtain 24B as the HC salt. MT”E[B

(MHH) : 949. Using si mlar procedures, the conpou
NE%&&%S@ "POURASA b0 135

formul a TN NMe F3C -'r R14 14 were prepared, wheréin |s as
defined in the table: Ex.~-0 R4 HRVMS (Mg rn.p. (€ ~ 24Cz --240-245 ~ e
24DClI >225 al V 24EQCH3--172-176 24FCH3 --225-230 | 24CC -->225 1 CE
24H 544 -- 3151 C OCH3. ”"‘fﬁ”"zf‘ 592 —2434532

Eﬁ\ 582.2910

CF,

240 CFs
v@/ 582.2910

24P =
1&{/@3 520.2609

24Q S
AN 515.2991

Example 25

= & N=
N /N
o eigha
N
Ne: o)
Step 1:
HNJ\ 1. Ti{OIPr)4 ;{>—CHO i J\

N
NBOC 5 EnaiCN NC' (_ NBOG

Cyclopropyl carboxaldehyde (3.4 mi), S-methyl N-BOC piperazine (8.28 g),
CH,Cl, (82 mi) and Ti(OiPr), (15.80 ml) were mixed together and stirred at
RT for 23 h, then the resulting solution was cooled to 0 °C and ELAICN (1.0
M in toluene; 62.1 mi) was added. The solution was stirred for 5 h at RT.

10 A mixture of KF (20 g) and Celite (10 g) was added, followed by cautious
addition of £tOAc (120 ml) and water (120 mi). The resulting slurry was
stirred for 15 min, filtered, washed with EtOAc (3 X 35 mi) and the EtCAc
layer was removed, washed with brine, dried over Na,SQ,, filtered and
evaporated to give the desired intermediate (12.0 g) which was used

15 directly in the next step.

Step 2:
MgCl Y /
Nj»mk F30© N * ~N
L_NBOC o O L_NBOC @’ L_NBOC
F3C B F30 A

To a 0°C solution of 4-iodobenzotrifluoride (40 g) and THF {52 mi)
was added isopropyl magnesium chloride (2.0 M in Et,Q; 74 ml). The
20 resulting solution was stirred at RT for 1 h and then addedto a 0 °C
solution of the product of step 1 (10.0 g) and THF (26 ml) over 10 min. The
reaction solution was warmed to RT, stirred overnight and EtOAc (50 mi)



2956 . 24K539. 3003 24L0 558.2949- | OH 24IVD: ,- 1oCH 3572. 3107 21 OCT %0 3[
WD 00/ 66558 - 75 PCrlUS00/ 11632 24Nl ~~582 2910 | " -CF3. 240CF3 582. Ztﬁ:ld[m

| 1 24Pr SP8@o#ded3® 240~ ~ 515.2991 N Exanple 25 F3C Step 1: pdiukoodicss Pr) 4
| >-CHO L ,NBOC NC NJ" 5 2. Et2Ai CN ~ NBOC Cycl opropyl carboxal dehyde (3.4
m), S-nethyl N-BOC piperazine (8.28 g)-76cH2C 2 (82 nl) and Ti (O Pr)4
(15.80 mM) were m xed together and stirred at RT for 23 h, then the

resul ting sol yolanquas ARS) Sfling 1t 10 A ENAIOM (S M) Wad Boéd HRBRNe62. 1

(20 ) and CaiesuingIBbiy i3S o8 of 50 FncHago g 1 fas atlecasies e onc
]S i1|2?ep1e21 a\fl‘\gsﬁgﬁ@hﬁ% Xi20 mThgﬂeEMbinwdEﬂ&M Bxiacts vlaérbrwaxha‘dmim min,
whshed i th SRR Angd ST G e B &up b B bR e
desi red i st er@Bdy)eas a(ddd dilgyhich was claremategrapbedianesiida/geln 1tkg, eletingst ep.
Step 20 MQ with hexanes:EtOAc (8:1). Two diastereomeric products were coliected as

a single fraction (15.9 g) and further purified by column chromatography as

described above to give intermediate A (R=0.47 in 4:1 hexanes:EtOAc;

5.34 g), which was contaminated with an unidentified impurity. (The

10 second diastereomer B (R=0.29 in 4:1 hexanes:EtOAc ) was also

collected.)

FsC
To a solution of A from Step 2 (3.96 g} and CH,Cl, (120 mi) was

15 added DOWEX 50X2-100 ion exchange resin (15 g) and the resulting
mixiure was shaken for 2.5 h at RT. The resin was filtered off and washed
with CH,C!, (2 X 40 mi). The resin was treated with 7 N NH, in CH,OH (30
mi), the resin was filtered off and this procedure was repeated two times.
The CH,OH extracts were combined and evaporated. The resulting oil was

20 treated with toluene:CH,CI, (1:1; 15 ml) and evaporated to give the
piperazine intermediate (0.80 g) as a clear oil. HRMS: calc'd: MH"
C,H.:N,F,:2998.1735; measured:299.1748.

Step 4:
< <
= NJ\I 1. Ti{OiPr)y / O=<:NBOC = NJ\
LNH 2. ELAICN g'\'N‘\C\NBC}C
_FaC

FaC 3. CH;MgBr

25 The product of Step 3 (0.57 g) was treated in the same fashion as
Exampie 8, Step 1, using N-BOC 4-piperidone (0.42 g), CH,CI, (3.84 ml),
Ti(OiPr), (3.39 mi), ELAICN (2.88 ml) and CH,MgBr (3.0 M in Et,0; 3.2 mi)
to give the desired product (0.78 g) as & clear oil in 82 % yield.

Step 5: The product of Step 4 (0.12 g) was treated withAcOH:CH,CI, (3:1,

30 viv; 1.4 mi) followed by BF,Et,O (0.14 ml). After stirring for 1 h, the
resulting solution was diluted with CH,CI, (10 ml), cooled to 0°C and the pH
was adjusted to 10 with solid NaOH. Water (2 mi) was added and the
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m ) and evapor atad tg‘_ﬁg} \{gﬂ%ﬂe pi perazine internediate (0.80 g) as a clear
oil. HRVS: calvéeld: mprifs- 2IN2F3: 299. 1735; neasured: 299. 1748. Step 4: 2 |
a Using a similar procedure, the following compound was prepared:
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Example 26
Ph
= NJ\‘
CH
FaC’©/\ N @ Ny
N %’ N
O
20 Step 1:
CN
N
FaC _NBOC

The desired compound was prepared in a manner similar to
Example 25, Step 1, using p-trifiucromethy! benzaldehyde (20 g) instead of
cyclopropyl carboxaldehyde, to give, after work up, a mixture of
25 diastereomers (22.7 g) in 59% yield.

Step 2:

CN Ph
@’?\Nk NaN(TMS),/THF/-780C GN J\
then PhCH,Br N
FiC ‘\-NBOC Fac‘(j (_NBOC




, |
~ NH 2. Et2AICN NBOC -N~ 1. Ti(Q Pr)41 O=NBOC F3C ;i. LM3Mgbr F3C ﬁa HET 2003
product of Step 3 (0.57 g) was treated in the sane fashion as 19

Step 1, %@%2%%%:(4 pi peridone (0.42 g), CH2CI2 (3.84 m), (O Pr)4

(3.39 m) 2.88 m) and CH3MyBr (3 0 Min Et20; 3. ?Crwl;stmlclwgu ve
the desired product (0.78 g) as a clear Qf in 82 %yield. Step 5: The
product of Step 4 (0.12 g) was treated W' BHACOH: CH2G 2 (3:1, 30 v:v; 1.4
m) followed by BF;, Et20 (0.14 m). After stirring for 1 h, the resultlng
sol ution was dil ut &b ai-7e°Csrigtien of therpyodustof stept b(DE girand REFHS mi

adjusted to 1 r Gsle C T
20103 WO 00/ 663'!3%g é@t}égc#%%?_ﬂll%ﬁcﬂgé ?5)”;})?2?" was rg rmvegrﬁof?lgre further
extraction (2 m).13hg1900ling hathmeszemaved andie; resplingsofiionwagslirngd n
water, brine, tgf48eniAY Corsedflated NH, @Hego mndv@s/a@@é@hﬁd the reaseort hasf r ee

pLper dines (50,0 o oB s M sulinShmiteval patiphad neReBn Sy aPE) "
T é dHCBt h( I41 CH.CI,, BRCOHCI, raxtractsiweso parapyed andp\/apmawd eﬂd(laerdr):damd

t
sti rriageat y45%’%”@'ﬁd B’Ec‘ﬁ’ﬁw?é |onat8g':%pﬂ1 (éfcﬁFgg%el é?%exﬁﬁ%‘r@?% Zout by
preparative pl&etaRrohexangsipiAg a5 eluanthttsgivecafter eaporatioryef the 5
Et OAc: hexanes 85@?%@?%@85& 4 MY of ﬁ‘ﬁér?ﬁedl&@s% @2 aQE JeBwiRdim ed

band (1: 1 CHZ concentration o vent e ti'tl € conpound
(70 ng) atla 0|I in 93%y| eld. The HC salt was prepared as

descri bed for Step 4 (78 nmg) in A yi el d. nmpPR4Z- 149C. Using
a simlar proced fol | Hapn p@bnpoun 1'Jﬁepar4ed HEt N 15
F3C m p. X188 B H@BE)@-I;Q €F2 St\eplnocN F 0 1 R3NBOE' J
NBCC B A

The mixture of Step 2 (1.91 g), CH,CN (35 ml), sodium triacetoxy
borohydride (4.0 g) and magnesium bromide etherate (2.25 g) were mixed
and stirred at RT for 70 h. Water (25 ml) was added and then, gradually, a
15  solution of Na,CO, (10 g) in water (50 ml}. After extraction with EtOAc (2 X
50 ml), drying and evaporation of the organic layer, the resulting oil was
purified by preparative piate chromatography (5 X 2000 mM silica plates;
6:1 hexanes:EtOAc as eluant). The less polar band was removed, treated
with 1:1 methanol:CH,Cl, , filtered and evaporated to give intermediate A
20 (0.84 g) as a white foam. HRMS: calc'd: MH":. C,H,,O,N,F,.449.2407,
measured:4432416.
Step 4: The product of Step 3 (0.81 g) was treated in the same fashion as
in Example 8, Step 3, using TFA (5 ml) and CH ,Cl, (10 ml), to give, after
work up, the free piperazine (0.60 g) as a clear gum. HRMS: calc'd: MH™
25  C,H,.N,F,: 349.1892; measured:349.1894.
Step 5: The product of Step 4 (0.39 g) was treated in the same fashion as
in Example 8, Step 1, using N-BOC 4-piperidone (0.25 g), CH,CI, (8 mi),
Ti(OiPr), (0.40 mg), ELAICN (2 ml) and CH,MgBr (3.0 M in Et,0O; 1.5 ml) to
give the desired BOC-protected piperidinyl intermediate (0.44 g) as a clear
30 oilin 72 % yield. HRMS: caic’'d: MH": C,,H_,O,N,F:546.3307;
measured:546.3315.
Step 6: The product of step 5 {0.43 g) was treated in the same fashion as in
Exampie 8, Step 3, using TFA (3 ml), CH,Cl, (2 ml} and water (0.2 ml) to
give, after work up, the free piperidinyl intermediate (0.37 g) as a clear oil.
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The desired conpound was prepared in a manner simlar to Exanple 257 1§dd003
1, using p-trifluoromethyl benzal dehyde (20 g) instead of cycl opropyl
car boxal deRyslgo/sesss Oi ve, after work up, a mixture of 25 di agj&f (22.7
g) in 59%yvyield. Step 2: NA Ph CN4 NaN(TI\/S)21THF/ 780C Br ﬁ%ﬁ’i
.NBOC F3C F CL,, NBOC 3 21 OCT 2003 WO #§. 66558 -78 PCT/ US00/ 11632 To a
-70C solution of the product of step 1 (1.9 g) and THE (15 m) was added

NaHVDS (1.0 M pn_ THF.. 7.5 follo by..b ropi ) ,
cool i ng( bat h mééﬁ-ﬂ-?hm%&’ Pﬁékﬁ%gﬁ%#ﬂj vi%%ﬁ%§%ﬁqagggssfqﬁ? Egos)hr?rgggzl%
m n. Concent raE&drrMMB]—B(etmmsmg/&-lﬂo(édn&nﬂme{%m)t. iDEC (48 n;'ﬁg)sti rred
a2, the ool Aty Brtind @299, B8 4 ueRah PERIRRTaNRl cloaflc,
was purlfled bgctdo(lzémg)cm@mai@ra\paysv@eqi a&BTgf@rzctayﬁ h‘éﬁ'é!@éBGCHZCI 2;
10:1 to 7: é?c?;fegdu'fé @@§crﬂ§ec‘3ﬂn@£‘ér}1 FeOBQBté§4 Qﬁé FfCI%!aﬁQS’frtﬁé'tiﬂB of the

approprlatefr m Xt ure of nterrre S el |
foam 10 St epcgmpguamw peparag (59 R @Ma!éeld ﬁfr(cm Fher%roﬁﬁt)‘?fyéée 3 Neac
MyBr / CH3CN F N@@QQ‘G"C NBMS: calc’d: RIH3T ;H3OBL A, Ewatzmture of Step 2

(1.91 9), CHS %L% gggéumtrlacet oxy borohydride (4.0 g) and
magnesi um bro %Q 25 g) were mxed and stirred at RT for 70 h.

Water (25 m) was aded aadnﬂ&r@ocgﬁmuabﬂnppuads of the formula

/©}

2

11’
10 ©
were prepared, wherein R®, R’ and R’ are as defined in the table:

Ex. R* R R Mp ( °C)

268 |-CF3 | {0\ N, _{: ) 86-92
: %@N

26C |-cF3 | (O~ Dk 83-90
: =N

26D |CF3 | ¢ ) $DOH 195-205

26 |-CF3 | () SD’NHCONHE 118-125

26F -ocF3| ¢ ) %{N\},OCH:‘ 175-185
H =N

26G |-OCF3 Q\_ %{N\r OH 180-190
: =N

26H |-ocF3| ¢ 5{&1‘) 220-230
B =N .

261  |-OCF3 Q\_ 5%"“%/ 195-210
: =N

260 |ocr3| ) S@'a 180-200
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Example 27

CH30H2

S e

OH

4'-Trifluoromethylipropiophenone (2.02 g, 0.01 mol) and (5)-2-
methyl-CBS-oxazaborolidine (1M in THF) (2.0 mi, 0.002 mol) in THF (10
mi) was cooled in an ice-bath and borane-methyl sulfide complex {2M in
THF) (3 mi, 0.006 mol) was added dropwise to the mixture. The mixture
was stirred for 30 min at 0° C and CH,OH was added slowiy until no
bubbles appeared. The solvents were removed under reduced pressure
and HCI solution (1N} was added to the mixture. EtOAc extractive work up
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83-90 N 26D- CF30f f 195- 205 r 26E- CF3NHCONHEt 118- 125 1 26F- OCF3YN, ocH, 27500is%0?
N 26G OCF3N OH180-190 26H QCF3N~-220-230 T 261- OCF3F \f NY195-210 - N

26J- OCF3CIWO00/86538 21 0 C 1 2003 WO 00/ 66558 -80 PCT/ USOO PCTAZE0/11632

26K- OCF3180- 205 26L- OCF3 OH230-240 _ 26M OCF360-65  26N-OCF365-68 CI N 0
260- OCF3F -,.60-62 ~ N 26P- CF3N, 256- 258 -FN 260- CF3CLN 254- 256 Nd (

followed by silica gel chromatography afforded the alcohol (1.47 g) in 72%
yield.
Step 2: A solution of the product of Step 1 (4.32 g, 0.021 mol) and Et;,N
(5.9 ml, 0.042 mol) in CH,Cl, (20 mi) was cooled to 0° C in ice bath and

5 CH,80,Ci(2.13 ml, 0.028 mol) was added dropwise. The mixture was
stirred at 0° C for 1 h and the ice bath was removed. Water was added to
the mixture and CH,CI, extractive work up afforded the mesylate (5.99 g) in
gquantitative yield.
Step 3: The product of Step 2 (5.93 g, 0.021 mol) and 1-tert-butoxy-

10  carbonyl-3S -methy! piperazine (4.2 g, 0.021 mol) were dissolved in
anhydrous CH,CN (20 ml) and oven-dry K,CO, (4.35 g, 0.032 mol) was
added to the solution. The mixture was stirred under reflux for 2 days, then
diluted with water. EtOAc extractive work up foliowed by silica gel
chromatography gave the desired product (3.16 g) in 39% yield.

15 Siep 4: TFA (10 ml) was added to a solution of the product of Step 3(1.15
9, 2.59 mmol) in CH,CI, (5 ml) and the mixture was stirred at RT for 2 h,
then concentrated under reduced pressure. NaOH (3N) was added to the
residue and extractive work up with EtOAc gave the desired amine in
quantitative yield.

20 Step 5: The product of Step 4 and 1-tert-butoxycarbonyi-4-piperidone (0.94
g, 4.74 mmol) were treated with Ti(OiPr),, ELAICN and CH,MgBr in a
manner similar to that described in Exampie 8, step 1, to obtain the desired
product (1.08 g) in 87% vyield (from the amine of Step 4).

Step 6: TFA (4 ml) was added to a solution of the product of Step 5 (0.76

25 mg, 1.57 mmol) in CH,CI, (2 mi) and the mixture was stirred at RT for2 h
before it was concentrated under reduced pressure. NaOH (3N) was
added to the residue and extractive work up with EtOAc gave the desired
amine in quantitative yield.

Step 7: The amine of Step 6 and 4,6-dimethylpyrimidine 5-carboxylic acid

30 (0.36 g, 2.35 mmol), were coupied as described in Example 8, Step 4, to
obtain the title compound {0.58 g) in 72% yield. M.p. 160; HRMS (MH")
found: 518.3123.

Using a similar procedure, compounds of the formula
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manner sinilar to that described in Exanple 8, step 1, to obtain the 271 0CT 2003
desired product (1.09 g) in 87%yield (fromthe amne of Step 4). Ste |2
6: TFA (4 dded to a solution of the product of Ste 25
ng, 1.57 m@oqgoviﬁﬁs%—lZCIZ (2 M) and the m xture was sti rrede'ﬁaé#o;@?% h
before it was concentrated under reducedgaressure. NaOH (3N) was added to
the residue and extractive work up with Et CAc gave the desired amne in
guantitative y-ed—Stepr+—Fhe—amne—oef—St t—art—46=—dimmethytpyni m di ne
5-carboxylic {a27Kd | GBl (0| 38 g,{ M85 mmo oupl@d ag Qf&éﬂg%ed in
Example 8, Stiep 4,|to optain fhe tit (0.58 g) !lin 72% yi|el d.

itm | ar prgcedure, gonpounds

Mp. 160; HRMS (M4 ) found: 5{8.3123.
of the formulja R3 0 21 QCT 2008 WD 0C Ex. ZR3Rf i{R2Dec. OCHRVS
7CNMeMe™'| 190505. 2898 °

27ANMEH185491. 2744 NyN 2[/BNMVeH ' 190506.
3.3097 N

N.j. N 27DNMgMe200520. 2902 N, [O 27E o0
27FCHEt |Ve215 292 21417 G_I olwlae N m VW e lsYaValelw Ba Y1 aMioed oz

I 1 21 OO It IveZouJdZT . 1T4J 1\II_I\AEF3 Z 1 TT IEt_ilV‘B2106c 2 3678
NH ONHEt 271QHETMERTBES31| 305 NHde : 170 745.2308
27M| N n-Pr | Me A 204 533.3207
NeN
27N | N n-Pr | Me ""’": 210 617.3798
NHCONHE!

270 | N n-Pr | Me ’W‘E 202 | 531.3304
27P | N n-Pr | Me 165 | 543.3311
/\

27Q | N n-Pr | Me 55" 225 584.3205

8}
27R | N n-Pr | Me Y 195 548.3217
‘ﬁif
O

Using similar procedures, the foliowing compounds were also
prepared:

o : NL
Nz k,N\b ;;
N
o) 27S: M.p. 236 °C
~
JoRe
OCF; \,N\b \pNHCONHEt
N
1 .

27T: M.p.213°C



27JCHEt Me215593. 3470 PCT/ US00/ 11632 were re aced wherein Z, R3, R6 anfJ 5@ 00
are as defined in the table below 21 O C T 2003 W 00/66558 -83 PcT/4Ub8811
1632 27K 09. 3424 N 27LCHEt Me170745. 2308 N( SO2CF3) 2

NSoNEAEsE

27M\n- Pr 207 NyN 27NNn- Pr Me210617. 3798 NH ONHEt PCT/US00/11632
270Nn- Pr Me202531. 3304 27PNn- Pr Me165543. 3 27QNn- Pr MeSs' \ 1225584. 3205 N
O 27RNn- PrMe195548.3217 | N. O Using simTar procedures, the follow ng
conpounds were al so prepared: 1IN3--1 N ".N 27S: MP. 236 C NHCONHEt 27T:

M P. 213 C 21 OCT 2003 WO 00/ 66559 PCExample|28632 -84 Exanpl e 28 F3C Steps
1-4: FBCCN 1) H2/ Pd-C/ 1 atm 4.~k C NaHVDS / -7$0 CN lip L, --NBOC N~

2) NaB(OAc)3H / -
Isae
FaC \'N‘b \
NTR

O

Steps 1-4:
1) Hy / Pd-C / 1 atm.

s
,@ﬁlj\ NaHMDS / -78° N j\ >
E} "N
- 2) NaB(OAC)3H /
FsC \NBOC Fal L_NBOC 3

Allyt bromide / RT MgBr;: OFt,
N 1) Separate diastereomers k:
- N
NBOC
FaC ~ 2) Reductive Amination FsC KN
Ipso-cyanation NBOC

3) CH3MgBr/ THF / A
5 Step 1: The cyano amine was prepared from p-trifluoromethyl
benzaldehyde and 2(S)-methyl-4-(tert-butoxycarbonyl) piperazine exactly
as describedin Exampie 6, Step 1.
Step 2: A solution of the cyano amine 2 (2.5 g; 6.53 mmol) in 30 mi of dry
THF was placed under a bianket of N, and cooled to —78° C. This solution

10  was treated with a solution of sodium hexa-methyl disilazide in THF (1M; 26
ml) followed after 5 min with neat allyl bromide (6 ml). Upon removal of the
bath and letting the reaction mixture warm to RT (~1h), it changed from a
yeliow solution to dark reddish brown solution. The reaction was quenched
with saturated NH,Cl solution and the product extracted with EtOAc,

15 washed with water, brine and dried. Concentration in vacuo afforded a
brown semi solid. FSGC of this material using 25% Et,0 in hexane as
eluant gave 2.5 grams (92%) of the desired product as an amber gum {TLC
R, = 0.65, 0.6 for two overlapping spots).

Step 3: A solution of the product of Step 2 (2.4g) in CH,OH was treated

20 with 10% Pd/C (0.2g) and placed under a balloon of H, gas. After stirring at
RT for 4 h, the catalyst was removed via filtration through celite.
Concentration of the filtrate yielded an amber gum.

The a-propyl nitrile obtained above was dissclved in CH,CN (12 mi).
Magnesium bromide etherate (2.1 g; 8.14 mmol) and sodium triacetoxy

25 borohydride (3.44 g; 16.2 mmol) were added and the reaction mixture was
stirred at RT overnight. The reaction was quenched with water and
rendered basic with saturated NaHCO,, The organic products were
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A5 to 1. wWomokeeso anine was prepared fromp-trifluoronet hyger ,,%q,gﬁ%gehyde
and 2(S)-nethyl -4-(tent-butoxycarbonyl) piperazine exactly as scri bedin

Example 6, Step 1. Step 2: A solution of gghe cyano amne 2 (2.5 g; 6.53
nmmol) in 30 M of dry THE was placed under a bl anket of N2 and cooled to

-780 C. Thi t4 t hyl
720, 0TS SRl BB s tbd o BoRh L4 by de e e, Mot
(6 ml). Upon F@ﬁﬁ?aﬂl‘oﬁﬁ% 5,0 tﬁalnexm sesyed lfg!ﬂqlﬂertw@cma&iﬁwmgtmre warmto
RT (-1 h), |t gﬁrgﬂmaqa 79¢;glfbpmc§g{ on to dark reddi sh brown

solution. The reactl Eg Sat ur at ed NHAC! saol ut*on and the
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Concent r atg onchprieasgandf forded a brown sem soli d. FSGC of this materi al

usi ng 25% Et 2 exgne as u 929 t he d d
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St eﬁ ia/Apz;)lcublwlas§)fguhhe Ior oduct of St ep 2I (2.4g) in CH3OH was treated 20
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2t RT for 4 kAo RARGyd e B oketil dtalpHortno Riprtadle Aad | "0
Concent r at i onactomplishiad by treatmest wita THA mﬁ&cgumhenﬁ@laéeq)frepw nitrile
obt ai ned ,Hégg éeéﬂﬁm%f?q]\l {e}gbm 5;? HBrde etherate
21,84?11%” mt hdd 44 162 f
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“extracted w t I
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5. it ey s g B PR ASS Harki ki .
0.5 (p5% Et p@na@mfﬁtwte \@aswfs@ﬁdamtlwaée weqnd dugd. Copgreat °6f'“t he
BOG pr ot ect i NGagi®VRidddPTMig8f A VebWRSLIAITLE MBS 0.55 in 25% EtOAc-hexane).
The resultant ipso-cyano compound was dissoived in dry THF (8 ml)
and treated with a solution of CH,MgBr (3M in Et,O; 6 ml) and stirred
20 overnight at RT. The reaction flask was placed in a cold water bath and
carefully quenched with saturated NH,Cl solution. The organic product was
extracted with EtOAc and washed with water and brine. Concentration to a
crude product which was purified by rapid FSGC (10-25% EtOAc in
hexane) gave the BOC-piperidinyl compound as a pale yellow gum (1.1g;
25 100%). TLC R, = 0.6 in 25% EtOAc-hexane.
Step 5. The BOC—protecting group on the piperidine nitrogen in the
product of Step 4 was removed by treatment with TFA in CH,CI,.
Basification with | M NaOH and processing in CH,Cl, afforded the
unprotected piperidine in 80% yield. This intermediate was coupled (EDCI,
30 HOBY) to aryl and heteroaryl carboxylic acids to obtain the amides
exemplified in the following table:
N

Isa's
FsC ”JOq e

o

wherein R’ is as defined in the table:
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of Step 4
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Using similar procedures, the following compounds were prepared:

wherein R®, R® and R? are as defined in the table:
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Or N 28F102Cal cul ated: 623.3573 -- \ N OFound: 623.3572 28G216Cal cul at eg
545. 3467 \ NH2Found: 545. 3459 28H217Cal cul at ed: 546. 3307 OHFound: 546 25§67 2003

281. H223Cab%g g& 616. 3838 . \ NHFound: 616.3848 N'~ USL %g/nereln
R8, R3 and are as defined in the table: PCTI US00l 11632 i ’r’n‘ 7]

procedures, the follow ng corrpounds weregarepared: R3 521 OCT 2003 WO
g?f

00/ 66558 -87 PCT/ US00/ 11632 . RBR3R2ZM 28J- CF3: N 195-220 N

28K- CF3NHCONHE-85—145 28LGL N 180228?\,? EF3EF3NsN224=232 Usi ng
3-fl uoro benzylEsbr dmi deRSr chi orRte iin pl acB of benzyl Mpr@i)e| in the
procedure of st eps 4 (jprocesH | somelr Ehsptep 3), then
using the prcgéggpc 8% 1,@\~ﬁp 5 f IIQ d by thgg%?oz?ess of Exanple
26, steps 6-7, the{follow ng conmpolind was pared (HA salt):]F F3C5 0
28N: m p. 183493—G—Exanpte—29—H3eag—Steps ﬁ ‘O H."%’,’“
28K | -CFs @\' ﬁ” CONHEUT 105-115
28L | CH,GONH- k g 177-180
i
H NeN
o CFa WL, _
28M CF, K_ W 224-232
H N<N

Using 3-fluoro benzyl bromide or chioride in place of benzyl bromide
in the procedure of Example 28, steps 1-4 (processing isomer B in step 3),
then using the process of Example 1, step 5, followed by the process of
Example 26, steps 6-7, the following compound was prepared {HCI salt):

F
N

FsC k’N‘b %’N;l
N A N

5 O 28N: m.p. 185-193 °C

Example 29
Q/.\NJ\
FaC K’Nb
N._O
L
Steps 1-3:

OH

0

m m-CPBA O/Q NaOMe / CHaOH OMe
FsC ~ CHC, /RT FsC RT / §5% Fac’©

MeO\_ MeQ
EtaN e HN_ ] NBOC : J\ + J\

MsCl N N

s \_NBOC L_~Neoc
F3C A FiC B

0°Cc FsC CH3CN / A
83% for 2 steps

10 Stept: Solid m-CPBA was added to a solution of p-trifluoromethyl styrene
(3g; 17.4 mmol) in 30 ml of CH,CI, and stirred at RT for 20 h. About 20 ml
of a saturated solution of NaHCO,was added and stirred at RT for2 h. The
mixture was diluted with 20 mi of CH,Cl, and the organic product extracted




UKl OV CH3CN/ o 83%for 2 steps NaOVE/ CH3OH RT / 55% MeO. F3C A
F3C OH W& B 10 Stepl: Solid m CPBA was added to a sol ution of 21 UCT 2003

p-trifluon Aokks styrene (3g; 17.4 mmol ) in 30 m of CHZCgaﬁgga red

at RT for gg ?1 Aabout 20 M of a saturated solution of NaH vvasog{ %d and
stirred at RT for 2 h. The mxture wasggluted with 20 ml of CH2O 2and the
organi ¢ product extracted F3C m CPBA CH2Cl 2 / RT F3C Ovs WD 00/ 66558 -88 21

OCT 2003 PCJ/LUS .
processed to | Bfﬂﬁﬁ %P?@ e " &‘9 ?ggé b?arﬁﬁtgégggl \r/vgz
epoxi de as a gaderpredsct. cﬁSGWﬁ(Y@Q #9@%80( H‘@/QES epaxidaas 8)coletass,:

b oduct of 58 T Bhe 0f RS EfRhCBRanEy JUTG (0% Gpon arter
stirring at RStepol: EFQﬁiW PW\M@E‘H&Q@& Q-& r())uwsﬂﬂ?ea q%FQiget \i/;s

di ssol Ve‘dg nF% ? ofithb @HCP—Bdnﬁfdl)riﬂ 20 it anhydious,
oo i o L1 o s Aoy ol T

’ r

tmrﬂrg;% m\{\ﬁts \sivztsm%:g%{;ﬁiwag didsoiVet inaDE,Clpahd dvdgheanwith evatet and Sempeent i al
stirring for g@ 'ﬁé%@qvf?eazbﬁggg t@?ﬁ?ﬁé‘:@%&@?@/ gmgfttfyaa%{ ed E) and
standard V\Drkala:plc(rwsslail (ﬂ,i(iD%O"/EI’Ee,OTmlem!E)(l 76g; 5.9 nmol) and

2(S) - net 4 t AOM
di ssol ved T%QC%%YSPS%?‘%’Q Spo refl ux rd%fdﬁggﬂ\éal %cl\tlvle{)ﬁ
m xture was candGQOlGd iNRN igadath.r Seauentiaidreatmantvgth EAEH(1 c-ﬁlngrr& ogr aphy on

silica gel. HyphéiPdnd CH,SO,CI (0.6 mi; 7.7 mmol) and stirring for 30 min formed the
mesylate. The product was extracted by standard work up (yield = 100%).
The mesylate (1.76g; 5.9 mmol) and 2(S)-methyl-4-(tert-
15  butoxycarbonyl) piperazine (2.4 g; 12 mmol) were dissotved in 5 ml of
CH,CN and heated to reflux for 19 h. The reaction mixture was cooled to
RT and directly subjected to flash chromatography on silica gel. Eluting
with 25%, then 50% Et,0 in hexane served to isolate the diastereomeric
products A and B (Total yield = 86%).
20 A: R =0.5(50% ELO in hexane). Light yellow gum (0.9g; 42%)
B: R = 0.4 (50% Et,0 in hexane). Amber gum (1.13g; 44%)
Step 4: Reductive amination of the free piperazine dervied from A (0.9g;
2.2 mmol) with N-BOC-piperidin-4-one with the installation of the ipso-
methy! group was carried out as described in Example 1, step 4. to obtain
25 the BOC-protected piperidinyl compound (0.87g; 92%). R, = 0.3 (50%
EtOAc in hexane).
Step 5: The BOC protecting group was removed from the piperidine
nitrogen via TFA, and the resultant compound was coupied with acids
using the EDCI / HOBt method as described in Example 8, step 4, to obtain

30 the compounds shown in the following table:
H3COL

: = NJ\
FaC '\’Nb
N..O
~f
R?
wherein R? is as shown in the table:
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products A and B (Total yield = 86%. 20 A°. R = 0.5 (50% Et20 in hexane).
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Example 30

Step 1:

Bt
R HNJ\. C[ij NL,
Faco’g)\ i k'Nb 7 B | RO &Nb
NBoC  Toluene NSoc
Reflux
5 A solution of p-triflucromethoxy benzaidehyde (0.48 ml, 3.36 mmol),
the piperidino-pipiperazine (1.00g, 3.36 mmol) and benzotriazole (0.48g,
4.00 mmol) in dry toluene were heated at reflux for 6 h. The reaction
mixture was cooled to RT and the solvent was removed in vacuo.
Following NMR verification of the formation of the product, the product was

10 used without further purification in the next step.
Step 2:

PrMgBr ,H J\
@” \
60% FACO K/Nb F.CO K,NJO
NBoc NBoc

B
2:1

To a solution of the product of Step 1 (1.16g, 1.97 mmol) in 20 m} of
toluene was added a solution of n-propyl magnesium bromide (2M in EtO,



!
-"J F3CO F CO * 3 NBoc
Reflux 5 A solution of p-trifluoronethoxy benzal dehyde (0.48 m,

mmol ), t | dlno pi pi perazine (1.00g, 3.36 mmol) and benzot ri azol e
(0. 48g, 2%’8&"“;;%) in dry toluene were heated at reflux forP@I/HS00MEES2
reaction mxture was cooled to RT and thgﬂsol vent was renoved in vacua.

U HN~1 / NNNBHI \ N L NLI ' Tol uene NBoc

3.3@ 1 0CT 2009

Fol l ow ng NVMR verification of the formati of the product, the product was
10 used without further purification in_the next step Step. 2: PrMgBr 60%
F3CO F3CO 2: 1 1.tgnk agd theiBixtiere stifeegabBider & het Epe !Leqqlom@lxtqregvasnm ) in

20 m of tol U_‘Tgﬂ_?e @Ldg @h%n@a@asawé@aﬁ USRS NH O Sy RBrdeTheM i n
Et 10, 21 OC 2003 W / 665 the m xture

8 PCT/ US 32 - d
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were used 10 PHERLPPoRAER SBRtFoutRSs 30-38B i thé Mifovlind'table; simitar methods
10 were used to prepare compounds 30C-I.

Rngﬁb
N

Ex. | R® R R Mp (*C) | HRMS (MH)
30 | -OCF, n-Pr \©, 237 546.3314
30A | -OCF, n-Pr W 241 548.3217
|
NeN
30B | -OCF, n-Pr QK 219 632.3779
- NH
30C| H -4 W 175-178 -
h}\f,N
Q H
300 | H - e 177-189 -
@ ’%;)NH N
30E H --@ | 84-90 -
MASSN
30F | -CF, --@—ca YY 180-192 -
NN
30G | -CF, @ W 180-186 -
NN
O H
30H| H - R 178-188 -
-Q _QN S
\
30l | -OCF, -Q NAY 165-175 -
NeN




RZ Ex. Ro' RBR2Mp (0 C)HRMS (MH) found 30- OCF3n- Pr237546. 3314 21 0CT 2003
30A- OCF3n- Pr241548. 3217 NN 30B- OCE3n- PrO0 H219632. 3779 NH 30CH ~, 175-178-- N
"N 30DH*- N¥OMok8s8- r  NH , 30EH CN84-90-- 30F-CF3- F \ @cghiaoelfa: -

N, ~yN 30G - CF3180-186 N v N 30HHC LN178-188-- V N 301-OCF3165-175-- N'N 21
OCT 1003 WO 00/ 66558 -91 M xture of di asBéreoners Exanple 31 rN NJ O

PCT/ US00/ 11632 A solution of the product of Exanple 12, step 2 (150 ng,

0.27 5 mmol ), Mt ezt dfadtéfedmers 0. 403mol ), 1, 10- phenant hroline (48 ny,
0.27 mmol), trans,trans-di benzyli den cet 5)1(6. 28 ny, 0.027 mmol ), copper
(11) trifluoronet hanesulfonate benzen @Pﬁ (15 ng, 0.027 mmol) and

Cs2CAB (96.1 ng, 0.30 nmml) in xylene ) was stirred at 110 Cfor 5
days. The reaction m xture was cool and saturated NaHCO3 was

K’N\bwfb

A solution of the product of Example 12, step 2 (150 mg, 0.27
5 mmol), imidazole (27.4 mg, 0.403mmol), 1,10-phenanthroline (48 mg, 0.27

mmol), trans,trans-dibenzylideneacetone (6.28 mg, 0.027 mmol), copper
(W) trifluoromethanesulfonate benzene complex (15 mg, 0.027 mmol) and
Cs,CO, (96.1 mg, 0.30 mmol) in xylene (2 ml) was stirred at 110° C for 5
days. The reaction mixture was cooled to RT and saturated NaHCO, was

10 added. Extractive EtOAc work up followed by silica gel chromatography
gave the title compound {70 mg, 52% yield). Dec. 215° C (HCl salt).
HRMS calcd for C,,H,,CIN,OS (M+H+) 500.3389, found 500.3396.

The following assays can be used to determine the CCR5
15  antagonistic activity of the compounds of the invention.
CCRS5 Membrane Binding Assay:

A high throughput screen utilizing a CCRS membrane binding assay
identifies inhibitors of RANTES binding. This assay utilizes membranes
prepared from NiH 3T3 cells expressing the human CCRS chemokine receptor

20 which have the ability to bind to RANTES, a natural ligand for the receptor.
Using a 96-well plate format, membrane preparations are incubated with 125I-
RANTES in the presence or absence of compound for one hour. Compounds
are serially diluted over a wide range of 0.001ug/m! to 1 ug/ml and tested in
triplicates. Reaction cocktails are harvested through glass fiber filters, and

25 washed thoroughly. Total counts for replicates are averaged and data
reported as the concentration required to inhibit 50 percent of total 1251-
RANTES binding. Compounds with potent activity in the membrane binding
assay are further characterized in secondary celi-based HiV-1 entry and
replication assays.

30 HIV-1 Entry Assay:

Replication defective HIV-1 reporter virions are generated by
cotransfection of a plasmid encoding the NL4-3 strain of HIV-1 (which has
been modified by mutation of the envelope gene and introduction of a
luciferase reporter plasmid) along with a plasmid encoding one of several HIV-

35 1 envelope genes as described by Connor et al , Virology, 206 (1995), p. 935-
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perlpherg bl?ﬁtp nononuc) ear cells or the stable U37-CCR5 cell line to
“det er mi n&€9% h&NUBPBAEONGENUANON.CCR5 conpounds to bl ock infection of primary
HI V-1 strai nCaldiuen Fiuxvssavt ynphocytes are purified

Cells expressing the HIV coreceptor CCR5 are loaded with calcium
sensitive dyes prior to addition of compound or the natural CCRS ligand.
Compounds with agonist properties will induce a calcium flux signal in the cell,

25 while CCRS5 antagonists are identified as compounds which do not induce
signaling by themselves but are capable of blocking signaling by the natural
ligand RANTES.

GTPyS Binding Assay:

A GTPyS binding assay measures receptor activation by CCRS5 ligands.

30 This assay measures the binding of 35S labeled-GTP to receptor coupled G-
proteins that occurs as a result of receptor activation by an appropriate ligand.
In this assay, the CCR5 ligand, RANTES, is incubated with membranes from
CCRS expressing cells and binding to the receptor activation (or binding) is
determined by assaying for bound 335 label. The assay quantitatively

35 determines if compounds exhibit agonist characteristics by inducing activation
of the receptor or alternatively antagonist properties by measuring inhibition of
RANTES binding in a competitive or non-competitive fashion.

Chemotaxis Assay:




from normal healthy donors and stinulated in vitro with PHA and |L-2 @Hr @@l 2003
15 days prior to infection. Using a 96-well plate format, cells are

pr et r eat edvoiobseessslr ug for 1 hour at 37 C and subsequently i pépobedizgsz h an
Mtropic HHV-1 isolates. Followng infection, the cells are washed to
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with preferred compaounds having a range of activity from about 0.5 to
about 750 nM, more preferably about 0.5 to 300 nM, and most preferably
about 0.5 to 50 nM. The results for preferred and representative
compounds of formulas | and Il in the test to determine inhibition of
25 RANTES binding are given in the table below. In the table, “Ex. No.”

stands for “Example Number” and “nM” stands for “nanomolar.”

Ex. No. Inlﬁ:agtri‘cﬂ) of
RANTES binding |

3C 9.97
6C 30.0
6E 1.43
11 10.5
16 60

20A ' 1300
23 2.95
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gy, Z_ (11) (1998), p. 661 15 International Journal-of fmuno2harnbl colp (g
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2962-72 (allergies). In the assay to d@bgr_m’ ne inhibition of RANTES

bi ndi ng, conpounds 20 of the invention range in activity froma Ki of

about 0.5 to about 1500 nM w th preferred conpounds having a range, of
activity from aboutQ PIeRRinG BRRAMACRHtoR ComPOSRIPEPEN B8 IS AN1A08NEL 300
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opacifiers for oral solutions, suspensions and emulsions. Liquid form
preparations may also include solutions for intranasal administration.

Aerosol preparations suitable for inhalation may include solutions
and solids in powder form, which may be in combination with a

20 pharmaceutically acceptable carrier, such as an inert compressed gas, e.g.
nitrogen.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions

25 and emulsions.

The CCRS5 antagonist compounds of the invention may aiso be
deliverable transdermally. The transdermal compositions can take the form
of creams, lotions, aeroscls and/or emulsions and can be included in a
transdermal patch of the matrix or reservoir type as are conventional in the

30 art for this purpose.

Preferably the CCRS antagonist compound is administered orally.

Preferably, the pharmaceutical preparation is in a unit dosage form.

In such form, the preparation is subdivided into suitably sized unit doses
containing appropriate quantities of the active component, e.g., an effective
35 amount to achieve the desired purpose.

The quantity of active compoundf in a unit dose of preparation may
be varied or adjusted from about 10 mg to about 500 mg, preferably from
about 25 mg to about 300 mg, more preferably from about 50 mg to about
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in two to foufhedjs%éiﬁcdeggﬁﬁﬁ'nems set forth above, many altemnatives, modifications
and variations thereof will be apparent tp those of ordinary skill in the art.
All such alternatives, modifications and variations are intended to fall within
25 the spirit and scope of the present invention.



The doses and dosage regi nen of the NRTls, ‘NNRTls, Pls and other dge6C¥ 2003
wll be determned by attending clinician in view of the approved doses
and dosage reginmen in the package insert or as set forth in the protocol
taking into consideration the age, sex and condition of the 20 patient and
the severity of the H V-1 infection. Wilgg.the present invention has been
described in conjunction with the specific enbodinents set forth above,
many al t er nat Ws and variations thereof will be apparent
to those of o *he art. Al such alternatives,

nodi fications and variations are intended to fall wthin 25 the spirit and
scope of the prese | ' Yg—i@a AIMED |S: 1. A
conmpound reprgsentgjc%m@gm? %gq-bfornuﬁrgélu @ﬁaq_N Rfi R 11 1
NO R2 11 5 or a pharmaceutlcally alﬁlse salt thereof, wherein (1) Rais
RB8a- phenyl, R8b-pyridyl, R8b-thp or R8-naphthyl; Rl is hydrogen or
Cl1-C6 al kyI; R2 is 6- rrenbered het r0|ar hBﬁJbsﬂtuted by R9, RIO and R11; 6-
nenber ed heteroaryl N oxide substift Rio and R11; 5-nenbered 10
het eroaryl substituted by R12 and R13 napht Ryl ,.of | uorenyl ; di phenyl net hyl ;

15 15 RR4 R RO Rlaj \. | --Cheteroary Ror RI6 -~Ri1R3is
hydrogen, C,-06 al kyl, (C, -C5)al koxy(Cl-C6)al k@, C3kC10 cycl oal kyl,

%Eaghtcz Oalﬁg%w h‘%@é%ﬁ%%%ﬁ?'ﬁﬁ?%m % C6)alhgilleroaryl(Cl 15

06) al kyl ; R4, (¥5, Wl&r&ﬁammraﬂ eﬂ%pgpdyidBﬁ?ﬂtlyopbaeyim(marmanhthwe gr oup

consi sting of hydr geg aroddnlofB)-@4 Kikyl; R6 is hydrogen, Cl C6 al kyl or
C2-C6 alkenyl; RBis 1 to substituent$ mde&@nd R?qug pl fromthe

group 20 consi sti ngR%ds penasad heleregen subst aliPoxy, -CF3,
CF30-,  CH3X( Rlembefed h&teRsdpgh N-dxideSsRostitited thRAYR 10 &id RI&ngyhembered

10 heteroaryl substituted by R12 and R13; naphthyl; fluorenyl; dlphenylmethyl

10 R® R15
=~ R
—C —-C heteroaryt
_\_-_-5'?_ R'. —O or R'6 ;

R3is hydrogen, C1-Cg alkyl, (C1-Ce)alkoxy(Ci-Ce)alkyl, Cs-C1o
cycloalkyl, Cs-Cyo cycloalkyl{(C4-Cs)alkyt; RB-phenyl, R8-phenyl(C+-Cg)alkyl,
R8-naphthyl, R®-naphthyl(C1-Cs)alkyl, RE-heteroaryl or RB-heteroaryl(Cs-

15 Cegalkyl;

R4, R5, R7 and R13 are independently selected from the group
consisting of hydrogen and (C1‘Ce)-alky;l;

R is hydrogen, C1-Cg alky! or C»-Cg alkenyl;

: R8 is 1 to 3 substituents independently selected from the group
20 consisting of hydrogen, halogen, C1-Cg alkyl, C1-Cg alkoxy, -CF3, CF30-,
CH3C(0)-, -CN, CH3802-, CF3S03-, R14-phenyl, R14-benzyl,

O
SO
CH3C(=NOCH3), CH3C(=NOCH5CHz), SOz | .NH,, -NHCOCEFs,

-NHCONH(C1-Cg alkyl), -NHCO(C1-Cg alkyl), -NHSO2(C1-Cg alkyl),

0

A
—N" X

5-membered heteroaryl and ' , wherein X is —=O-, -NH- or -N(CH3)-;
25 R82 is 1 to 3 substituents independently selected from the group
consisting of hydrogen, halogen, -CF3, CF30-, -CN, CF3SO2-, R14-phenyl,

O

—N)LX

-NHCOCF;, 5-membered heteroaryl angd —/  wherein X is as defined
above;



0O CH3C(=NOCH3), CH3C(=NOCH2CH3), 0°V~S02 ,| -NH2, - NHOOCF3, - NHCONH( Cl- C6

al kyl), -NHCO(Cl-C6 al kyl), -NHS02(Cl-C6 alikyl), 0 -N A X 5- nmenber éd 0CT 2003
heteroaryl and '--! , wherein Xis -0-, -N¥ or -N(CH3)- 25 RBa is 1 to 3
substituents independently selected fromthe group consi st i ng of hydrogen,
hal ogen, -CF3, CF30-, -CN, CF3SO2-, R14- 1}enyl 0 -N A X - NHCOCF3,

5- menber ed heteroaryl and wherein X is a8 defi ned above; 21 OCT 2093 -97
R85 is | to 3 substituents |ndependently sel ected fromthe group

consi sting of hydr gﬁ&]—@@é%% ﬁgég en g@é@)ad frorffthe

CH3C(=NOCH3), CH3 - - NAX 5
andcfj , V\herepﬂn-‘-')(s'i‘@ ﬁghﬂHPgﬁBd"%{BB% E@E@PZS L‘g@eﬁ énﬁ

sel ected f rO”W&@(QNW%@I@JbN@@HQCH% NBILTD@EL.,S -tneinteprad hemoﬂm - OH,

-CF3, -OCH3, -0-acylg -Si(CH3)3; R11 is R9, hydrogen, phenyl,
-N02, -CN, -CH2F, C;IﬂFZ -CHO, 10 -CH=NOR17, pyridyl, pyridyl N-oxide,

pyrim dinyl, ra2| NHCO\IH(chI oro-(C, -C6)al kyl),

~ NHOONH( ( (8- %ﬁ?cycl 5l WF?%i“ %d?&ﬁ@"l% Ay C1- CO) al kyl, - NHOOCF3,

- NHSO2N( ( C1- Co6) al in& agd H1NIdSQZerép@ﬁ$eallyysblectdk(mﬁﬁe)gioup conS|stmg of

- NHC02( C, - CB)

-SQ2NH(C, - C6 Z#&#Qa@@é%ylgﬁa ?'T S&E%Sgg'%éﬁy‘%}ﬁoxy( Cl 06) al kyl ,
-CON RL7R 8, CH2- O CHR) 2, OCC]\IH(Cl C6) al kyl , -CO2R17, -Si (CH3)3
or -B(G:(CHB)Z)Z Réﬁ- is 1to 3
isubstituents indep gﬁé‘%s ng ﬁg&Tﬁ%@#hg W@ @N 220 co¢125| d;}lt:l.llé)ng of

"hydr ogen, 1QC1- CBIFNACDRyI. ynd}tlspymdmbkoxsde mlm@mvl (]IW%E'R xy and hal ogen;

- R15 and R16 arLg(R1se Pﬁpmﬁénﬂﬂ prﬁj@ﬂ%lgfd) t am U-INHEJ(D ¢Rg of
hydrogen and Cl- %6 (tQ' &}){B {?}G'ﬁ 8 (0 r b5 E: (éﬂge/ ene
group and wit rcWQYé’C@A'FM 94 95} anes &“Z@S gﬁm 3 G-3 25
to 6 carbon atGyyatkyl YNHB@(@WM%aWSOW@EDMCOAG‘@Qﬁ“@ﬂ C4-Gna t he
aroup consi St A ”l%a&yi 78 AP aEYh#, BY,NH(C,-Cs alkyl), -OS0(Ci-

: 15  Cealkyl, -OSO.CFs, hydroxy(Ci-Ce)alkyl, -CON R'R', -CON(CH,CH2-O-

CHa)e,
-OCONH(C:-Cg)alkyl, -CO2R", ~Si(CHg)s or —-B(OC(CHa)z2)z;

R12 js (C1-Cg)alkyl, -NH2 or R14-phenyl;

R14 is 1 to 3 substituents independently selected from the group

20 consisting of hydrogen, (C1-Cg) alkyl, -CF3, -CO2R17, -CN, (C4-Ce)alkoxy

and halogen;

R15 and R16 are independently selected from the group consisting of
hydrogen and C4-Cg alkyl, or R15 and R16 together are a C2-Cs alkylene
group and with the carbon to which they are attached form a ring of 3

25 to 6 carbon atoms;

R, R and R are independently selected from the group
consisting of H and C4-Cg alkyl; and

R% is C;-Cs alkyl or phenyl; or
(2) Rais R8-phenyl, R8-pyridyl or H$~thiophenyi'

' . AL R15
_C—O —C—heteroaryl
. . 16 R16 .

30 R2 is fluorenyl, diphenylmethyl, R or ;

and Fﬂ' R3, H4, ]:15, RS’ RT. F{B, HQ, 310. H", H12, 313, H“‘. R15.
R16, R, R", R" and R™ are as defined in (1),
wherein heteroaryl is selected from the:group consisting of pyridyl, pyrimidyl,
pyrazinyl, pyridyl N-oxide, pyrimidyl N-c}xide. pyrazinyl N-oxide, thienyl,
imidazolyt and isoxazolyl.



R20 is C1-C6 al kyl or phenyl; or (2) Rais !R8 phenyl, R8-pyri dyl
RS-t hi ophenyl; - R15 /R14 | R 15 ~C k\ CBheteroaryl 30 R2 is fl uor2e119FT 2003
di phenyl ma%%lm 6 or and R1, R3, R4, RS, R6, R7, R8, p9, R10, Al, R12,
R13, Rl4, /66%, R17, R18, R g and R2D areas defined i n RGBUSOMIER n
heteroaryl is selected from the group co% sting of pyridyl, pyrimdyl,
pyrazinyl, pyridyl N-oxide, pyrimdyl pyrazi nyl N-oxi de, thi enyI ,

i m dazol yI and isoxazolyl. 21 0 C T 2003 WO 00/ 66558 PCT/ USQ0/ 11632 -98 2.
A conpound of 2l ai mzommtmdmfmamwmpimdﬂ@is BF2-Rbheniper Rjinaphtyd: \ / 3_
A compound of claim2 wherein Rais , wherein RBais RB 5 CF3, CF30O or

hal ogen; or Ra is / wherein RBis Cl C6 al koxy. 4. ound of claiml
wherein R3 is hydrogen, (Cl- 98) al k RB- henﬂP34@be or R8- r:pyrl dyl .
5. A conpound 3f cl COMPOMREY Crl.am waﬁgm hydffﬁ'@éﬂm

methyl; R4 is methyl; and RS and R7 areq drogen 6. A conpound of
claim 1 wherein R2 is R9, RIO R11- phenyl R11-pyridyl or an

N- oxi de t her egk; , 1 PHd; 5 E.%qp m6
wherein R2 i s%@’&fﬁ’ ?'lr:%glno E% é’?)(ﬁjpg] consi sti %"ghé(?F %‘6‘{' (9(1, iﬁbﬁ

1R11 and N&S{ N Fill NR 11! i, R 20 table: RR3R6R2 Br-~1PI—|3HH3CCHS

4. A compound of claim 1 wherein R3 is hydrogen, (C1-Cg) alkyl,
R8-phenyl, R8-benzyi or RB-pyridyl.

5. A compound of claim 1 wherein R! is hydrogen; RS is hydrogen or
10  methyl; R4 is methyl; and RS and R? are each hydrogen.

6. A compound of claim 1 wherein R2 is R?, R10, R11-phenyl; RS, R10,
R11-pyridy! or an N-oxide thereof, or R®, R10, R11-pyrimidyl.

15 7. A compound of claim 6 wherein R2 is selected from the group
consisting of
9 o T 8] R0 9 10
“ﬁ\.ﬁ"’ “fj\.r“"’ b d A
\\ \—/_H11 N“-\ and Na N
Rl N , R \F!:‘ )

wherein R® and R10 are selected from the group consisting of (C1-Cg)alkyl,
halogen, -OH and -NHa.

20
8. A compound selected from the group consisting of those
represented by the structural formula '

formula
H)\NJ\ R®
LUNG
o
Rz
wherein R, R3, R® and R? are as defined in the following table:
R R3 'R6

Br-@-} o H Hﬁ%CHS




wherein RO and R10 are selected fromthe gr!oup consi sting of (Cl- C6) L kyl_,
hal ogen, -OH and -NH2. 8. A conpound sel ectied fromthe group consi st d?/CJfZUIB

those repyewsBésegl by the structural formula R RI-N ~ ?ﬁ%’
wherein R, R3, R6 and R2 are as defined in the follow n 3 V\DOO/ 6 99
21 0 C T 2003 PCT/US00/11632 . CH3 - CH3Hp§.CH3 B\ HH3C ...~ ,~ H3 N G&3
HH2N | F F3C JDH3HH3C H3 N H3C . ... .. F3C PH3HH3 N., N H3C rr., H3

F3COH3- CH3e O-C——tet+—+—3¢O-CHIT EH3T9— G F3€0 F3CO

H3- CHBHAC . . 1. ng.@&,{ F30)- H 39S - CHgH 3 mmﬁ%&g HiC 1B
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. H o e
Facoo—% & CHs | 4c Ha
ra00-{_ )% O T

N
Y
o
CH - -
Faco-o—{ T CHs Hac\')YCHa
HaC— y —~
FSCOO—% 5 CHs | he Ha

H 30___ i .
Faoo»Q—i z CHs | we CHa
Fsoo-Q—{ O\: CHs | ye _CH

roc_ ) e CHz | L o
£ +CH3 I _cH
FSC-Q_é - . H 3C\'©/ 3

]
W




Nt N H3CS02-3 PH3HH3C .nnx CH3 0 s ~H3 HH3C|CH3 02 F CH3CH3HZ2N CI H3

Car.
CH3 F3C-- CH3*CH3N O, | 21 0 C 1 2003 wo 00/ 66558 PCT/ US00/ 11632 L1 0¢T 2003
F3C-C K3 i NON F3CCHs- CH3H3 C- & H3 IN. H3CSOCH3r CHaH

/1 | )
F3C-Q H ‘%ﬁ H- CH3H2N F3CO- CHH CH3H2N | b-c H3CSQ2 1~/ iﬂﬁ"ﬁ%ﬁf@" e
| CHCH3H3 '.".' OH3 HH,, O CH3 H 3C - 6144gHH3C W6 W OH3 JOHS-CH3. .. .,, H
ZNb-Cl G- D- CHsHHSC CH3 C, fLCH3-CH3H ~. 1 NC- | H3HH3C "" i CH3 \ CHBHr, %
H3C~CHs C \ / -\ CHRHH 3G~ CH3 21O T 2003—wo—06i-66558—104
PCT/ US00/ 11632 .géc_@q\lmmm s 1| -CHs HiC s

CHa -CH3 “w
Fac—< H 2 H3 H3
I

3
Hacsoz-O—} -CHg H@LETCI
Eale o e ] e e

nlo
X
W

rsco4{_ Y4 H -CHg H2N~©rg

O [ O | o [ redyes

'—O_% _;GHa -CHsa H ZN\EJ/O




NoCH3 \ -CH3-CH3.M H H3C CH3 C 3 CH3CH2C
- HCH3H3C- 141 CH3 NON .CH3 -CH CH CH3 F3C=z 3H3C rjy N'N 22 -CHCH I %

F3C 5z 3@%@% N.z, N F3G 4F-\\-CH 2CH, H3C CH3 NHCONHEt
CH3" CH3H3C 3 H F3C- CH3H3C. CH3 N, % , N F3C\ s-CH3H3C

\ - CHBH3CGH3 CH3NN F3C / \\-CH3H3C CH3

-H CH3H3C CH3 CH3CH20

rersipilley

-101-
CHa : H A
7 H4C Hj
N “0)
H H : VWA
O%Hs P “CHz | e o cH
HaC :
CH30H20~87£ H CHs | pe Ml CHy
CHyCHO z H “CHs H 30\;('/CH3
g
H s
racd_ )% Plo 1-CHCH, | ne L o,
. Ne N
F30‘©_s \; -CH,CH, Hac\%\(CHa
’ No N
Focd % - -CH,CH, Hac\Q,CHs
; NHCONHEY
ji -CH, H30\©rCH3
FsC H’Q_E THa
F3C’©'_§ D\_ ‘CHa HacﬁA"CHB
B N: N
F3C'©_€ \? ‘CHS H3C\|41YCH3
‘ NN
Fac'{u}_s ‘CHJ HaCjél\I(CHS
';CHS N+ N
FaC-D—E \: +*CH, HEC\I:}FCHa
NHCONHE
N_)—3 £ -CH, H30\©/CH3
rcod_ )3 : -CH, H30©/CH3
NHCONHE! _
Fﬁ'@‘é k_ ~CH, H3Cﬁ¢IYCH3
B NN

1| 0CT 2003

-
\
F3C N



NHCONHEt N
H3CCH3 Nt N WO 00166558 -
NHCONHEt  FfgPoréehsgH3C- T~CH3 N. %
1-1 CH3H3CCH3 N
conposition for the treatnent of Human.

-CH 3H3C |

CH3 22

- CH3H3C |

CH3 |F3C0 NHCONHEt F3C / \
102 2 1 OCT 2003 |PCTI US00/ 11632 F3C ~
N F3Cl - CH3H3C CH3 NHCONHEt

N F3C - 3-CH H3C CH3 3f~ NN 9. A pharmaceuF

{gzunodef i ci ency Virus,

~Li CH3l vw

C'*?’T%ﬁ'ﬁna

/11632
solid organ

Zalvay

(o7, ¥ ad
HaCgy CHa
N+ N
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9.

A pharmaceutical composition for the treatment of Human

Immunodeficiency Virus, solid organ transplant rejection, graft v. host
disease, arthritis, rheumatoid arthritis, iriﬂammatory bowel disease, atopic
dermatitis, psoriasis, asthma, allergies or multiple sclerosis, comprising an
effective amount of a CCRS antagonist of claim 1 in combination with a
pharmaceutically acceptable carrier.

10.

The use of a compound of claim 1 for the preparation of a

medicament for treating Human Immunodeficiency Virus, solid organ
transplant rejection, graft v. host disease, arthritis, rheumatoid arthritis,
inflammatory bowel disease, atopic dermatitis, psoriasis, asthma, allergies .

or multiple sclerosis.

11.

The use of a compound of daim 1 for the preparation of a

medicament for combined use with one or more antiviral agents selected

from the group consisting of nucleoside reverse transcriptase inhibitors,

non-nucleoside reverse transcriptase inhibitors and protease inhibitors in

the treatment of Human Immunodeficiency Virus.

12.

The use of a compound of claim 1 for the preparation of a

medicament for combined use with one or more agents for treating solid



the treatnment of Human | mmunodefi ci ency Vi r‘us 12. The use of a corrpozqg} CF
claiml for the preparation of a nedicament for combined use with on {1 70m
nore agentywofgfedsgeating solid 21 OCT M WO 00/ 66558 ?CT1U /19 03,
organ transplant rejection, graft v. host d| sease, infla SP%& g%ﬁ/&?}

di sease, rheumatoid arthrltls or multi p_Iﬁ)33_cI erosis. 13. The use of a CCR5
antagoni st of fornula | for the preparation of a 5 medi canent for treating
Human | nmunodef i ci olid org rej.ection, graft v.
host di sease, 059?%? %gianf H%EF@?%W@V ?§ttc[|§é]a Faem'?dé? ?%I di sease,
at opi ¢ der nat idisensep suguraaicsd adktitisrar madtipde gelesosior nul ti pl e scl erosi s,
wherein the CCR5 antagonist is represented by the structural formula I 10
| or a pharmaceutically acceptable salt thereof, wherein R is R8-phenyl,

RS- pyridyl, R&3 hi ditecuse oba GERHaptagonist of#arrmldaﬂjdrtb@arfeparm al kyI

R2 is R9, Rlémn S

het er oaryl ; R@%@mﬁwr trﬁlﬂgt ut egﬁ%&l er egwﬁgge\ﬁr‘igdagf%%%@?rée

R13- subst i t ut étarﬁpfaéma@eg@p%egféﬁdahyﬁt digeash. [arihritis; (hauspgtoid aftkritis R15 R |

(C 1 CC6)C- IhEt erq e fwwélrm&,éas!e lué)&eﬁﬁémﬁi% sénamér@gﬁﬁwa Qliefdes! kyl
al koxy o

cycl oal kyl (Cl %65'&%&%5 51§h e'“%e Eﬁ%{/% @0&5 al? Wreseﬁ'@ddy heoht hy! |

R8- napht hyl ( Chstichurbkipirnuf@l het er oaryl or R8-heteroaryl (Cl- C6)al kyl ; R4,

Rs, R7 and R13 are i ndependent ly el ‘ted fromthe group consisting of

hydrogen and (Cl-(6)-al kyl ; IS h Cl-C6 al kyl or C2-C6 al kenyl;
25R8|slto3subst|tuent3|n ene se Lected fromthe group

;consi sting of hydrogen, hal ogen, H Cl- C6 al koxy, -CF3, CF30,
CH3C(O -, -CN, CH3Ss2-, CF3sO2- 14 phe yIZ ]R14 benzyl, t CH3C(=NOCH3),

- CH3C(=NOCH2CH3), 0" ~~S2 , -NH2 - NH N\q;@l)l66558 -104 21 10CT
2003 PC'FI18800111632

or a pharmaceutically acceptable salt thereof, wherein
R is R8-phenyl, R8-pyridyl, R8-thioppheny! or R8-naphthy;
R' is hydrogen or C4-Cg alkyl,
R2is R9, R10, R11-phenyl; R®, R10, R11-substituted 6-membered
15 heteroaryl; RS, R19, R11.substituted 6-membered heteroary! N-oxide;
R12, R13-substituted 5-membered heteroaryl; naphthyl; flucrenyi;

B‘l 5 R14 $1 5
—Cc— 7 —C—heteroaryl
| ;;C// ' v
diphenylmetnyl R or R ;

R3 is hydrogen, C+4-Cg alkyl, (C1-Ces)alkoxy(C1-Cs)alkyl, C3-Cio
cycloalky!, C3-Co cycloalkyl(C1-Ce)alkyl, R8-phenyl, RE-phenyl(Cy-Ce)alkyl, -

20 Ré-naphthyl, R®-naphthyl(C,-Cg)alkyl, RB-neteroaryl or R8-heteroary)(Cs-
Ce)alkyl;

R4, RS, R7 and R13 are independently selected from the group
consisting of hydrogen and {C1-Cg)-alkyl;
RE is hydrogen, C4-Cg alkyl or Cp-Cg alkenyl;

25 R8is 1 to 3 substituents indepenﬂently selected from the group
consisting of hydrogen, halogen, C1-Cg alkyl, C1-Cg alkoxy, -CF3, CF30-,
CH3C(O)-, -CN, CH3S02-, CF3S02-, RY4-phenyl, R14-benzyl,

8]

CH3C(=NOCHSa), CH3C(=NOCHoCH3), & = 'S0 | -NH,, -NHCOCFs,



- NHCONH( C1- C6 al kyl), -NHOO(CL-C6 al kyl), -INHSGR(CL-C6 alkyl), 0 -N A X

5-menbered heteroaryl and '--t , wherein Xlis -0-, -NH or -N(CH3) - 7 1 4% 2003

. |
and R10 a endently selected fromthe group consisti
(Cl- C8) al &‘ﬁ?df‘ﬂﬁgﬁgogen “NR'R', -OH, -CF3, -lOCH3, -O-aryl, %égs%%‘&“é
-Si(CH3)3; R11 is R9, hydrogen phenyl , 10|>£02, -CN, -CH2F, -CHF2, -CHO
-CHENORL7, pyridyl, pyridyl N-oxide, pyrimdinyl, pyrazi nyl,

o i o) U kb ek O RS) Bk pin. SRR 5 ot (@ 10

C6) al kyl )2, -NHSO2(Cl-C6)al kyl, -N(SO2€F3) 2, -NHCO2(CLl-C6)al kyl, -C10
cycl oal kyl , - SR20 - SCRZO - 802R20 H( Cl Cs al kyl), -0S02( Cl-
) al kyl , - 6&4,1 Qﬁaal kM—J \%&éﬂim&o QAN BH2RKLHE)-; CH3) 2,

e ik E%&aqéﬁ” A pRepeRRY peleE e N R Py EApk Sting o

i ndependent | y(GeCg)alied, ihalogenhé\llarBup-OHor@F&HQ@HeI -Chaaylodeel, aad - C6)

al kyl, -CE éﬁ%g@ -CN, (Cl-Co6)al koxy and hal ogen; R15 and R16 are
independe Iy )(3ed fromthe group consisting of hydrogen and Cl-C6

al kyl, or R15 and Rlbig Bgshydmoganeplaem Al m@d‘izeeﬁﬁFau@lﬂad with the

atom: Ri7. RGP SRR dﬁ*'i’?ﬁ@*“f“a'ﬁlgﬁﬁaf e ?oﬁff oo
consi 5ting of- N{Pariﬁicml 5| WO QNGRS ot sk NHEPNARS | 25 14.
The use of cl el )@%@ Ecgc% é _Mq@@@@y.bsmkfﬁ NECOAR:, -NHSO, NI %use of

claim 14 V\/nerel e\@i’ﬂ’l _&B G@ﬁ%ﬁ z O&L@éﬂ@r‘ \A%?kﬁll

hydrogen,1Q 1 %}W@EMHSQB fAe use
of claim 13 vnaigalRyIRISRY, hsctm?&e's REONH{O-Ggalkydr -O86k(B4+. 35 21 O C

R11- phenyl 00%3%%1%%@1 Sy apaPORCT AR GO R ARGz 0
R11- pyri m dyl CH3LOEOCONH(C1-Cs)alkyl, -CO-R", ~Si(CHa)s or ~B(OC(CHa)2)z;
R12 is (C1-Cg)alkyl, -NH2 or R14-phenyl;
15 R14 is 1 to 3 substituents independently selected from the group
consisting of hydrogen, (C1-Ce) alkyl, -CFa, -CO2R17, -CN, (C1-Cg)alkoxy

and halogen;
R15 and R16 are independently selected from the group consisting of
hydrogen and C1-Cg alky!, or R15 and R16 together are a C2-Cs alkylene
20 group and with the carbon to which they are attached form a spiro ring of 3
to 6 carbon atoms;
R'7, R'® and R are independently selected from the group
consisting of H and C-C¢ alkyl; and
R% is C;-Cs alkyl or phenyl.
25
14.  The use of claim 13 wherein R i$ R8-phenyl or R8-naphthyl.

| 8
Ra—O—g orR ' §
16.  The use of claim 14 wherein R i$ .

30 16. The use of ciaim 13 wherein R3is hydrogen, (C1-Cg) alkyl, R8-
phenyl, R8-benzyt or RE-pyridyl.

17.  The use of claim 13 wherein R1is hydrogen and RS is hydrogen or
methyl. -
35




' |
19. The use of claim 18 wherein R2 is selected fromthe group consi st balgqpsmm
of 10 11 and PCT/U500111632 R 14% N R11 ' Nv R11 1 i wherein R9 and

are sel eCtth)l;OI} the group consisting of (Cl-C6)alkyl, hal 3_& C]—I and

-NH2. 10 2 8 use of claim19 wherein R2 is phenyl or WY R11
IS hydrogen, or wherein R2 is pyrimdyl agd R11 i s hydrogen, thyI or
phenyl. 15 20 21. The use of claim 13 for%Phe treatment of Human

| mmunodeficiency Virus, further conpri SILRf-Tg one or nore antiviral agents

sel ected fromiBhe Tgeouse obelgimtlidnghereinitd isd, B30 BIpbenyl % H 10t ase

i nhi bitors, % 9 piasgii_MHRigPrs and protease

I nhi bitors. 2?‘11‘?}”@@@?% q\(i:baibr%lr?% %%flatﬁhe trejtqrreﬁi}rﬁfd&sol I d organ
transplant rejection, graft v. host disease, inflamatory bowel disease,
rheumat oi d - anghri tire Qge BEEGIMANMS WhbpsiARSs sfewdt&uafroﬁpsmrgzaua@oﬂei@uﬁg mor e
other agents 25 useful in the treatment of said diseases

conpri si ng?i nSepar at e Jcont ai ners in a single package phar maceut i cal

conpositions for use bn cong tth regt""‘Hu ﬁ‘@' ency Virus
whi ch conprises in oR F |caI on conprising
an effective amount ofl: |CCR5 ﬁm st ql ai maiha | NN har maceutical ly

acceptable carrier, an 1 separrdte cont alwﬁﬁrone or nﬂfe phar maceut i cal
conposition conprising an effective anbunt antiviralR'dr ot her agent

ful in th f f
B e | oo ATl M RGO i B (- Gl
halogen, -OH and -NH>.

10 20. ° The use of claim 19 wherein R2 js phenyi or pyridyl and R11 is
hydrogen, or wherein R2 is pyrimidyl and R'1 is hydrogen, methyl or
phenyl.

15 21, The use of claim 13 for the treatment of Human Immunodeficiency
Virus, further comprising one or more antiviral agents selected from the
group consisting of nucleoside reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors and protease inhibitors.

20

22. The use of claim 13 for the treatment of solid organ transplant

rejection, graft v. host disease, inflammatory bowel disease, rheumatoid

arthritis or multiple sclerosis, further comprising one or more other agents
25 useful in the treatment of said diseases.

23. A kit comprising in separate containers in a single package
pharmaceutical compositions for use in combination to treat Human
Immunodeficiency Virus which compriges in one container a
30 pharmaceutical composition comprising an effective amount of a CCR5
antagonist of claim 13 in a pharmaceutically acceptable carrier, and in
separate containers, one or more pharmaceutical compositiocn comprising
an effective amount of a antiviral or other agent useful in the treatment of
. Human immunodeficiency Virus in a pharmaceutically acceptable carrier.
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